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HATnra undertaken to prepure lor ihe pnm a new edition of Mr. 
ParicoB' Okemical Catedunn, the Editor has oarefnlly kept in yiew the 
objeotB for which the work was originally demgned, and endeavoured 
to render it soitable for those who are desiroiiB to become acquainted 
with the first elements of the Science. As many and important changes 
have taken place in the different branches of Chemistry, especially in 
nomenolatnre and classification, since the publication of the last edition 
prepared by Mr. Parkes, the present £ditor, as far as was consistent 
with retaining the character and plan of the original work, has altered 
and revised it throughout, so as to adapt it to the present state of 
chemical science. 

In the late editions of this work the text was much encumbered with 
a mass of notes, sometimes useless, and frequently trifling and irrelevant ; 
consequently, in the present edition, none have been retained or added 
whidi did not seem necessary to illustrate or elucidate the text. 

The order of the ohaptem has been also altered; the ohiqgter on 
Chemical Attraction, which, in the former editions, was placed at the 
end, has been placed in the beginning of the work, and the chapters on 
Atmoepherio Air and Water have been incorporated with those whioh 
explain the nature of the elements which compose them. 
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CHEMICAL CATECHISM. 



L INTRODUCTORY AND MISCELLANEOUa 

1. What is CTiemistr^ ? 

Chemistry is the science which enables us to discover the 
peculiar properties of bodies, either in their simple or com- 
pound state. 

2. How are the properties of bodies examined ? 

The chemical examination of bodies is, in general, effected 
by producing a change*^ in the nature or state of the body 
under examination. 

3. By what means do chemists effect a change in the qualities 
or states of bodies f 

This is generally effected by means of heat;^ or by the mix- 

* It may, with few exceptions, be consideTed as an axiom, that when' 
ever cTiemical action takes place, a real change is produced in the stib- 
stance operated upon, and that its identity is destroyed. Thus, if a little 
carbonate of lime (powdered chalk), be mixed in a glass of water, the 
chalk will soon sink to the bottom of the vessel. No chemical action 
has taken place ; therefore the water and the carbonate of lime both 
remain unaltered. But if a small quantity of muriatic acid be added 
to a glass of chalk and water, a violent effervescence will commence 
when they come into contact with each other ; in consequence of this 
chemical action, a complete change is effected in the characters of the 
chalk and the acid — ^the chalk dissolves in the water, and acquires a 
sharp taste, and the acid has lost its sourness ; in fact a new substance 
(muriate of lime), is produced. 

*t* Heat has a tendency to separate the particles of bodies from each 
other. Hence nothing more is necessary to effect the decomposition of 
many bodies than to apply heat, and collect the substances which are 
separated by that means. We have a &miliar example of this in the 
borning of common limestone ; in this operation the carbonic acid of 
the limestone is expelled, and the lime remains in its caustic state ; a 
complete chemical diange has been produced, in this case, by ^o^ alone ; 
the lime will no longer effervesce in vinegar or any other acid, as lime- 
stone will, and it MnUl have acquired a sharp acrid taste, the limestone, 
before burning, being perfectly tasteless : magnesia undergoes a similar 
change. Many other instances will occur hereafter. — ^Ed. 
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itMre of some otiher matter with the matter intended to be 
examined. 

4. How does the application qf heat and mixtwre eiMiJtle 
chemists to examine the properties of bodies f 

By these means we effect the decomposition of a compound 
body, and thns acquire a knowledge of the nature of its in- 
gredients. 

5. What is meant hy decomposition f 

In chemical language, decomposition means the art of 
dividing a body into its simple elements. Thus water may 
be decomposed, and reduced into oxygen and hydrogeh, whid^ 
are simple substances, incapable of farther decomposition. 

6. What is analysis f 

Analysis is the separation of the parts of a compound body 
from each other, by means of re-agents^ bo a« to pnssent the 
oonstituenta eitbiW in on unoombined or a new state of com- 
bination. 

7. What is synthesis f 

Synthesis is \hQp^tting togeihsr or ecHnfaiBisig the s^iaraited 
oenstituwtii of a body m as to reproduoe the original com- 
pound. 

8. Give an example of these modes of examinaiion. 

Water may, by am^dysis^ be resolrad into oxygen and hydro- 
gen gases, and we can verify this analysis by uniting oxy^^ 
and hydrogen so as to reprodm^e water.^ 

9. What are the most general properties of matter f 
Extensi&n^ or the property of occupying space, and ffMf>en^ 

trahility, or that property or matter in consequence of which 
no two portions of matter cm co-exist in the same portion 
of space, 

XO. Mas matter am>y other properties f 

Tes, it is susoeptiDle of rest Cft motion^ divisible and inde« 
etractible. 

* The following may also be given as examples <£ analysis and ^77^- 
thesis : — ^If we make a solution of sulphate of magnesia (Bpsom 0a}t)f u» 
boiling water, and pour into it a little of a solution of carbonate of soda, 
the soda will precipitate a white powd er, which, on exanunatic^, will 
be found to be carbonate of magnesia. When settled^ decant the snper- 
natant liquor, evaporate it tiU a pellicle rises on its surface, ^nd set it 
aside to ciTstalUze. When co]4> crystals of sulphate of sod« (Glanbeifs 
salt), will be found in the vessel. Jn tl4s decomposition, the sulphuriQ 
acid of the Epsom salt coi^bin^ with the soda to form smphate of sods^ 
and the carbonic acid of tiie soda combines with the magnesia to form 
carbonate of magnesia. Thns JBpsom salt ma^ be analyzed, and shown 
to consist of sulphuric ac^d and magnesiaf In order to prove the con^- 
position of this salt by synthesis, di^lve magnesia in diluted sulphuric 
acid, saturate the liquor, and crystallize. Epsom salt will be the result. 
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11. What do you mean hy ddvisibiUty f 

That property by wlucli portions of matter may be snbdi- 
vided into parts almost infinitely small.* 

12. What 19 vnstmi hy indestrticiilnldty P 

That though the pfurtides of matter are continually under- 
going changes^ yet that none of these partiales ever oease to exist. 

13. How can you explain the many instances that occwr of 
apparent destruction of matter^ such as hy the eomhustion of 
fim, candles, dbc. P 

In all these cases maitter merely assumes a new fi>Tm, no 
portion beins; destroyed ; if, in the cases adduced, we collect 
tbe matter Adng a^yL invisible vapnr, we find it equiva- 
lent to the quantity of splid matter which disappears. 

14. What are the different states in which bodies const, or their 
states of aggregation f 

All Domes exist either as solids, liquids, or gases. 

15. Is there not amxAher doss of bodies f 

Yes; the imponderable substances, heat, light, and elec- 
tricity ; we are, however, ignorant of ihe state in which these 
exist; or Tv^ether at not they are material substances. 

16. What do you mean hy a solid body ? 

Bolidity is that quality of bodies whereby their parts resist 
impression. 

17. From what does this qiwlity of solid bodies arise f 
Erom an attraction between me particles of matter or the 

force of cohesion, 

18. What are liquids? 

Liquids are suostances whose particles have free motion 
upon one another, their cohesion being prevented by a repul- 
sive force existing among them. 

19. What are gases f 

Ckises are substances possessing no cohesive attraction, and 
whose particles are kept asunder^ owing to a repulsive force 
existingamong them. 

20. What is the difference between liquids and gases f 
Liquids are almost incompressible fluids, gases are highly 

elastic fluids \ the particles of liquids attract each other to a 
certain extent ; the particles of gases repel each other to an 
indefinite extent. 

SI. Is fluidity an essential state of matter ? 

It seems probable that solidity is the natural state of all 

* Dr. Thomaon states, in his Chemistry , that the smallest (^vemical 
particle of lead cannot weigh more than the 310 billionth part of a 
grain, or Qxoeed in size the 888 trillionth part of a cubic inch ; incon- 
ceivably minute as this seems to be, it may far exceed the size of the 
chemical atom. — ^£d. 
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bodies, and that fluidity is owing to the union of solid or 
liquid matter with heat. 

22. Can you give any proofs of this ? 

By union with heat atmost aU solid substances can be eon- 
verted into liquids or gases, and vice versa, by abstraction of 
heat most liquids can be made to assume the SMid form. 

23. What are vapours ^ 

Vapours are substances which exist usually as solids or 
fluids, but which are changed to the aeriform state by increase 
of temperature or diminished pressure. 

24. What substances do you cdR fluids ? 

All substances whose particles have free motion amongst 
each other are natural fluids ; all liquids, gases, and vapours, 
are therefore fluids ; for example, water, the air of the atmo- 
sphere, and steam. 

25. Whai is the cause of bodies swimming in fluids f 
Because they are specifically lighter thtui the fluids. 

26. What do you msan by mis f 

That a body which floats in a fluid must be lighter than its 
own btdk of the fluid ; for as the particles of a liquid press 
equally in every direction, when a body is immersed in a fluid 
it displaces so much of it as is equal to itself in bulk, and this 
quantity was supported in its place by the pressure of all the 
adjacent fluid ; and, therefore, the solid will be subjected to 
the pressure which was necessary to supjport its own bulk of 
the fluid, or will lose as much weight as its own bulk of the 
fluid ; therefore, if its own bulk of the fluid wei^h more than 
the weight of the solid, it will float in the fluid. Any solid 
which weighs less than its own bulk of a fluid, will float in 
that fluid.* 

27. What, then, is the reason that a piece of cork wiU flooa 
upon the surface of water, and a piece of iron will sink in it f 

Because the cork weighs less, and the piece of iron weighs 
more than its own bulk of water, consequently the cork is 
supported in the water, and the iron sinks.t 

* A tea-cup swims upon a basin of water, because it is specifically 
lighter than a body of water of its own bulk. But if water be gradu- 
ally poured into the cup, until the united weights of the water and the 
Gu^ are too great for the water in the basin to support, the whole sinks. 
It IS on this principle that ships and other vessels are constructed, and 
it is this property of fluids wMch enables us to float a vessel from, one 
country to another. 

i* It is an axiom in hydrostatics, that every substance which swims 
on water, displaces so much of the water as is exacUy equal to its own 
weight ; whereas, when a substance sinks in water, it displaces water 
equal to its bulk, and less than its weight. 
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28. What term is made use of to express the rdatvoe weight of 
bodies? 

Specific grayity. Thns the specific gravity of one body 
may be much greater than that of another, though their ab- 
solute weights be the same.* 

29. How do you explain the difference in the spedfle gravvt^f 
of different bodies f 

TVnen one body is larger, or takes up more room than an- 
other of the same weight, the first is said to be spedfUxd^ 
lighter. 

30. How do you ascertain the specifio gramty of a substance ? 
If possible, I take equal bulks of the substance whose 

specific gravity I want to ascertain, and some standard of 
comparison, and the proportion of their weights gives me the 
specificgravily. 

31. what sfiibstomce is generally used as a standard of com- 
parison? 

Water is usually employed for solids and liquids, and atmo- 
spheric air for gases. 

32. How can you obtain the specific gravity of a solid com- 
pared with water? 

As I ci^nnot compare the weights of equal bulks directly, 
I make use of the nydrostalical principle already mentioned, 
"• that solids lose by immersion in a fiuid a portion of their 
weight equal to the weight of their own bulk of the fluid.'' 
I, therefore, by taking a known weight of a solid, and ascer- 
taining its loss of weight by immersion in water, can ascertain 
its specific gravity ; for the loss of weight is to the absolute 
weight as me specific gravity of water is to the specific gravity 
soughtf 

* The specifio gravity of bodies is denoted, in chemical -writings, \jiy 
comparing it with the specific gravity of pure water, in decimal figuuces, 
v.-ater bemg always considered as 1*000. Thus 
the specific gnvi^ of iron is 7*650, or more than 
7«i times heavier than water ; tiiat is, a cubic inch 
of iron, if put in a scale, would rec^uire 7i inches 
of water to balance it. The specific gravity of 
bodies is noted in the same way throughout this 
work. 

i* The following is the method of obtaining 
the specific gra vity of a solid depending on this 
principle. We append the solid to the extremity 
of the arm of a beam, by a fine silk thread, and 
having weighed it first in the air, we place under 
it a vessel of pure water; onimmersing it in the ^^- 
water we find that the beam i/no longer balanced, ■>■>>■ ^ j ^ 
but that the scale preponderates, we therefore 
place weights in the scale until the equilibrium is restored ; the weight 
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33. How do you find the spedfa gravity of a liquid F 

By weigliing a vessel filled with the liquid, and then weigh- 
iDig the same yessel filled with water $ as I have in this case 
the weights of equal bulks, I have at once the specific gravity, 
for the weight of the vessel filled with water is to its weignt 
fiJled with the given liquid, as 1000 is to the speeifio gravity 
of the £uid. 

34. What deflnUion do you ^im of the aimo^hero vAwA j/ou 
spoke of in connection vnih thu avJtjed f 

The air is that very li^ht fluid which surrounds us every- 
where ; it is the medium in which we live^ and wii^out which 
we coidd not exist. 
8d. Whoit is the epedfic gramty of aimoephefio atr f 
A cubic inch of water -vireighB 252*468 grs. ; a cubic inch of 
air weighs only thirty-one hundredths of a grain \ a cubic foot 
of water, therefore, weighs upwards of 76 lbs., and a culnc foot 
of air only 636 grs. ; consequently water is more than 600 
times heavier than air. 

36. If the specific gravity of water he so muck grexxter than 
that of atmospheric air, how is water retained in the atmosphere f 

The water which is taken up by the atmosphere is not in an 
aqueous statCi but is converted into vapour* by ludoii with 
heat. 

37. How is it that heat converts water into vapour f 

A large portion of the matter of heat combining with water, 
renders it specifically lighter ; which is the oause of its rising, 
and mixing with the atmosphere. 

38. Is this effected in any of the great operations of nature ? 
Tes ; the waters of the earth are continually undergoing i^e 

process of evaporation, by which they are converted into 
vapour, which rises in the air^ and when condensed, forms 
clouds. 

39. What is the cause -of ike waters of ihe earth being thus 
vaporized F 

As the rays of the sun warm the earth, a portion of the 
matter of heat combmes with a portion of the water, and con- 
verts it into vapour.t 

necessary to restore the equilibrium is the loss of weight sustained by 
immersion, or the weight of cm equal bulk of water : the weight of the 
body in air multiplied by 1000, and divided by the loss of weight, 
will therefore give lis the specinc gravity of the solid compared with 
water taken as 1000. — ^Ed. 

* By inverting a glass goblet over a onp of hot water, the vapour will 
be seen to condense upon tiie cold glass and tun down the iliside ; this 
shows that steam is real water, and becomes Water again. 

f The ocean loses many millions of gallons of water hourly by evapora- 
tion. The Mediterranean aloUe is said to lose more by evapozation 
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40. But what causes iks wtpowr to rise in the air f 

If a oork be pladed at the bottom of a basin of water, it rises 
immediiitely to the to|>j beoanse it is specifically lighter than 
the crater \ so vapottf rises in the idr be<auise it is specifically 
lighteif than the ail*. 

41. What heocmei of ihBWMe^'WhiGh thus (^^ 
earth? 

It occupies the lower regions of the atmosphere, and is pre- 
served there partly dissolved in air, and partly in the state of 
elastic vapour. 

42. How is this va/pour formed into dovds ? 

After it has remamed some time in the atmosphere, it be- 
comes in a measure condensed by causes unknown to us; 
and the partides of water of which it is composed Unite, and 
form small hollow vesicles, which accumulate together and 
produce clouds. 

43. What fv/rther changes tate ptme in this dqiUbUs mr 
pour f 

By the operation of causes which are also in a great measure 
unknown^ the clouds a^r a time become further condensed, 
and dxe converted into water. 

44. Whfxt is the ooThsequence qf this charge of vapowr into 
water f 

When the vapour is condensed, it becomes too heavy for the 
air to support) and falls down in rain, hail, or snow, 

45. Is tnis property of holding water in solittion peculiar to 
atmospheric air ? 

Ko ; all gases have this property in common with atmo- 
spheric air, as may be shown by exposing them to any substance 
having a strong attraction for moisture. 
4s7what is the use of this constitution of nature f 
This principle of evaporation is of universal importance in 
aU tiie operauons of art, or of nature. It tends to preserve 
the equable temperature of the human body in consequence 
of the heat absoroed during the process, and, by the formation 
of clouds, moderates the excessive heat of the sun ; by prevent- 
ing the accumulation of putrescent waters in the warmer regions 
of the earth, and counteracting the effects of a tropical sun, it 
renders them habitable by man ; in the most common-place 
employments recourse is had to its effects, and in the arts and 
scieiices we constantly have recourse to its agency. 

thftii it reoeives £rom th^ l^e, the Tiber, the Bhone, the Po. abd all 
the other rivers that fall into it. This water id conr^ed by tne winds 
to evdry part of the contineirts :— these it fertilizes in the form of rain, 
and afterwards suppUes the rivers, which flow again into the sea. 
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47. What is the uUimate use ^ this prindpk ? 

TTie Almiglity has contrivea that moisture should continn- 
ally rise from tiie earth, and from the various bodies upon its 
surface^ to shield, this world of ours from the intense heat of 
the sun, and to return in rain to water the ground, causing 
grass to grow for the cattle, and com and herbs for the service 
of man** 



IL HEAT. 

■ 1. Whatisheat? 

Heat is the well-known sensation occasioned by touching 
bodies of a superior temperature. 

2. What name is given to the cause of heat ? 

Chemists have agreed to call the cause of heat caloric^ 
when it is desirable to distinguish it ^m the sensation which 
this matter produces. Little inconvenience can however arise 
from using the term heat to express the cause producing the 
peculiar eSects ascribed to caloric. 

3. How do you show the advarUage of distinguishing the 
cause of heat from the sensation? 

Because, when I use the term heat for the sensation produced 
upon the human body, I am liable to err in consequence of my 
sensations deceiving me ; for example, if I plaice one hand 
upon a hot body, the other upon a cold body, and then both 
hands upon a body of intermediate temperature, I shall feel 
the sensation of heat in the cold hand and of cold in the warm 
hand ; so that, judging by my senses, the same body will feel 
at the same time hot and cold. 

4. What are the different theories respecting the cause of heat? 
Some have supposed it to be a material substance consisting 

of infinitely small and imponderable particles thrown out by 
the heated body : otheie that it is an ethereal fluid, pervading 
space and producing in us the sensation of heat by being thrown 
into a state of vibration ; and some that it arises from a 
vibratory motion produced in the particles of matter. As 

* It may be observed that rain not only affords a proper degree of 
moisttireto the vegetable creation, but is of service in bringing the 
soils into a prox>er state to perform their office. Dry earth of itself has 
little effect ; but, when moistened, it has the property of decomposing 
atmospheric air, and of conveying its oxygen to the roots of those plants 
which vegetate within it. We are indeb^ to Humboldt for the know- 
ledge of thifl fact. 
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none of these theories is yet established, we may adopt at pre- 
sent the first as the most easily understood. 

5. WTuU are the sources of caloric f 

There are six sources from whence we procure caloric ; viz., 
from the sun, by combustion, by friction, by chemical action, 
by means of electricity, and from vital action in organized 
beings. 

6. Which of these 18 the princwid soitrce of cal^^ 

The sun is the first source which famishes the earth with a 
regular supply, and renders it capable of supporting the 
azmnal and vegetable creations. 
. 7. How is caloric furnishsd bv conJmstionf 

In the common cases of combustion, such as the burning of 
fuel, candles^ &c., the heat is given out in consequence of the 
chemical action of the oxygen of the air upon the combustible 
substanc& 

8. H(m is caloric prodttced by fric^on or mechanical ac- 
tion f 

The heat produced by friction is generally occasioned by the 
compression of the particles of the body, which compression 
forces out a portion of its latent caloric* 

9. In what way can heat be produced by electricity or gal- 
vanism F 

By the discharge of an electrical battery, or by the calvanio 
apparatus, a more intense degree of caloric may be obtained 
tnan by any other means whatever. 

10. Row is heat communicaledfrom one body to another ? 
Either by direct contact of the hot and cold body, or by 

radiation. 

11. Whefnce does it arise that heat is communicated from om 
body to another ? 

]^om the tendency it has to equally difiPdse itself, or attain 
a state of equilibrium. 

12. How %s heat communicated by contact ? 

By being slowly transmitted from, particle to particle of the 
cold body ; as, for example, when I place a poker in the fire 
the heat slowly passes from the fire through all parts of the 
poker in contact with it. [A very interesting phenomenon 
connected with the communication of heat between metals, 



* Count Btunf ord adduced, as ono of the strongest arguments against 
the theory of the material nature of heat, that by friction a piece of 
metal can be kept at a high temperature during an unUmitea period 
without any diminution of its quantity of heat ; which he inferred could 
not be the case were heat a material substance in combination with the 
metal. — ^Ed* 
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was disooTered by Mr* TrerelyazL In many oaNS in wMch 

metids at different temperattirea are brought 

into contact, partlcalarly when a heated 

eorved bar of oraite b^ is made to rest opoii 

a cold cylindei:' of letul ^ the iiot metu is 

thrown into a state of vibration^ aooompiuaied 

by the production of a musical tone. This 

effect appears to depend upon a repnlaita 

power existing between the heated sur&cefly 

which is increased in tliis case by the low . 

conducting power of the lead, the suxftce of which admits of 

being strondy heated by the htBSiB^ 

hj being rapidly thrown off from the he&ted body in fa^a 
or right linesj as from jthe stUii the fire» &c»j and so nkssing 
freely through the air. Pr. Arnot^s Sdf-regulating Pir$f or 
Thermometer-Stove, is constructed upon the laineiple of giving 
out its heat ^'partly by radiation all around it, but chiefly l^ 
warming the ait which touches it This air thm ascends^ ttid 
spreads oVer the eeUing, warmine thiit ; and sdon by downward 
radiation from the ceilhi^> and mrthtir motion and mixing of 
the air, from the desoenoins curr^ts produced, beoause the 
walls absorb the heat of tbe air which touches them, the 
whole room is more car less equally warmed." The lolloping 
figure represtots a box formed of sheeihiron, ooBtaining a fire- 
box or furnace, formed of iron, and resting on a dose ash-jpi^ 
which communicates with the ttttimal aiii ^Thia cat exhibits, 
perhaps, the simjplest form of p4 

the expanding air-regulator ; --_-.^___^.^ ( 

a 5 cj IS a bent glass tube^ ^- LJ 

closed at a, and open where it 
is cup-shaped at e. The bot« 
tom part) o c, has mercury in 
it. The part a & is placed 
within the stolre. Orer thd 
cup c, and dipping ilito it^ is 
the mouth of the tube which 
admits air to the stovei Whefl 
the stove is heated, the ex* 
panding air in a & depresses 
the mercury in 5, to raise it 
in c, until it approaches or 
reaches the mouth of the air- 
tube, and so arrests the en- lli(«8. 
trance of air. In this form 
there is no moving part or friction, but in the rising fiuid^ the 
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Burfkce of wUch ia, ia fact, the valve-plate <"' Btopper, and it 
ciuinot iail to act ConUBim oil vould serve in it nearly as 
mercuij, rendering the apporAtos very cheap. To ensAAe 
persoBs by this regulafoir to fix the heat of the stoTe at uij 
oeaired degree, the mouth of the air-tube e is made to slide or 
screw up and dowB, so as to be aipproaohed b; the fluid at a 
higher or lower degree of heat." Tiio thenaotDstarregHlator 
a£aita of various other forms. 

14 Soet heaipase vilh the Warns vdoeii^ through oR hOdiMf 

Badiant heat seems always to travel with the same relaoity, 
bat the heat conunimicated bv Ooatact. traVds with di&rent 
velocities through different suoetanoes. 

\6.HowarBbitdietncamiiwithntpeiJttoOteirtiiMBrQftfa7i*- 
mitting heat ly contact ? 

GondnctOTB of heat; Bolida are tie best condnctors of heOt, 
liquids and gases are Uie worst condactoiB of beat> 

16. Same oil »didmihet<tn£e» the >ame power r^oandmitbiaheatt 
No : the metals are the besi conductors, and in the fbUowing 

order: gddand silver condact heat the best among the metals, 
copper, platina, iron, and lead— the laat is the worst conductor 
of all the metals; woods, glass, days, and Vool arc the -imiet 
solid conductors. 

17. Can you thow the different ooadunting pomn itf difwmt 
solidi hy any experimenU F 

If I holdasilverspoonintlie flame of a candle, In the course 
of a few minutes it hecomes so hot that 
I can no longer hold it, although I can 
hold a piece of wood, glaas, or porce* 
lain for a length of tune in the flune 
witboat the heat being commtuiicated 
to m^ finger^ which proves that the 
heat IB conducted throngh the partielett 
of the silver better thtm throu^ ths 
wood, &C; 

18. Ton have taidffujtfiuids lire had 
condia^org ofh«M: how dcet it happen 
thaiavettdofwaterbeciime»»otmhwted 
whenfiaMdoKafiref 

The heat being applied to the liquid, 
the heated portions expand, beooma 
lighter, and ascend rajadly through th9 
liquid ; these portions are replaced br 
others, which are soccessively heated, 
and pass upward ; thoa, ascending snd 
descending eorrenta are establiaheiL as 
showa in thu figure, tmtil the whole mass is heated. 
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19. BtU can you prove that fluids are had conductors ? 

Yes. If I place a piece of heated iron upon the snr&ce of 
a vessel of water, and allow it to remain a great length of tiine, 
though the snr&ce in contact with the iron is heated, I will 
find the water qnite cold an inch below the snr&ce. If I 

Eonr some ether over cold water and inflame it^ after it has 
nmed for some time the water below the sur&ce still remains 
qnite cold ; proving that water is a very bad conductor of heat. 
'20. Do hodiesy generally speaking, undergo any change by 
beina heated f 

Yea', all bodies increase their dimen- 
sion or expand by heat ; solids undergo 
the least change, flidds expand more 
than solids, and gases undergo the great* 
est enlargement of volume. 

21. How do you prove this f 
If I take a solid piece of iron capable^ 

when cold, of passmg freely through a 
bole in a plate of metal, and heat it, I 
find it will no longer pass through, show- 
ing that its dimensions have increased. 
If a bar of iron o^ be made to fit easily in 
a gauge 5, when cold, it will, when heated 
to re&ess, be found to have increased 
both in length and thickness, so as no 
longer to fit the gauge. On cooling, the bar will again fill the 
same spaces as before. If I take a fluid, and when cold pour 
it into a vessel, so as to fill this completely, 
and then heat the fluid in the vessel, it 
will overflow, showing that fluids ex- 
pand by heat ; if I take an air-tight bag, 
and having partially filled it with air, 
hold it before the fire, the air will expand, 
so as completely to fill the bag, proving 
that gases expand by heat. K the neck 
of a flask, containing some water, be in- 
verted into a basin of water, and the flame 
of a lamp applied to the large part of the 
flask, or even the hand applied closely 
over this part, the water will be forced 
out by the e3^)ansion of the air within ; 
on removing the source of heat, the water 
will return mto the flask. 

22. Is there any instrument by which the relative degrees of 
expansion, which different bodies undergo at high temperatures^ 
are ascertainedf 



Fig. 6. 
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Yes. An instnimeiit called a pyrometer. A rod of metal 
1, is laid up<m the reats ; with one extremitj it touches an 



immoTaUe aorew b, iritii the other it touches a movable 
index e, whicb travetaeB a scale with a moltiplied motian. 
The rod is heated hj spirit-lamps, and the degree of its ex- 
pawdon is indicated on the scale e, 

S3. Bo you tTiow of any practical u»ei to which the expansion 
of *olida U appiied ! 

Yea ; there are many : one of the moat ohviona ia the bind- 
ing together the parts of machineir bj iron hoc^ put on when 
h^ted stronglr, which, on being tdlowed to cool, contract, and 
bind the parts they surround with great force. 

The Compcraation Pendvlum ia another ezainpl& 
which consists of a combination of bars, made of 
different met&la of oneqoal expansibility, and so 
arranged that the greater expansion of the one is 
compensated by the lesa expansion of the other. In 
the annexed figure, a ia the point of suspension, B 
the bob of the pendulum, which is suatained imme- 
diately bj the rod a b, and moves through a hole in 
the bar c D. The outer rods £ c, F d, are made of 
iron; these, ly expanding, depress the bare D, and, i 

with it, the bob. But the inner rods c d are made 
of braaa ; these, br expanding, raim the rod a h, 
and, with it^ the bob. As brass expands more than 
iron, the expansion of the one connteracte the ex- 
|HUasion of the other, and the centre of oedllatjon ^E- s. 
IS nnafiected by change of temperatore. 

24. I* there any lue made of the expaTuihilitg of fiuAde hy 
heatf 

Yes ; in the constmction of the thermometer, in which the 
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eip^nsion of a fluid is made tba meaAOve ai the Quanljly of 
sensible heat present in aii^ substance, 

25. What is the construction of a thermometer f 

It is an instrument consisting of a glaaabaU connected ^th 
a hollow stem ; the ball and part of the stem being filled with 
a fluid, the^ expansion of which serves as a measure of the 
quantity of sensible heat. 

26. What fluids are employed in the coTistruction of thermo- 
meters f 

Mercury and spirit of wine ; the former because the distance 
between the temperatures at which it boils and freezes is very 
great, and spirit of wine because it cannot be frozen, and is 
therefore well adapted for determining exceedingly low tem- 
peratures. 

27. Are there any other thermometers in usef 

Yes, the expansion of gases is made use of in the constrae- 
tion of thermometers. Sir J. Leslie made an instrument 
which he called a Differential Thermometer, in which he em- 
ployed the expansion of aj[r for measuring very slight difler- 
ences of temperature. This instrument consists of two balls 
of glass united by a hollow stem ; the balls 
being filled with air, and the tube connecting Q ^*9. Q 
them, with coloured spirit of wine : as gases tT 

expand with very slight additions of tempe- 
ratures, it is evident that if ope ball be heated 
while the oth» has no addition made to its 
temperature, the expansion of the air in it 
will cause the spirit to ascend into the other 
bail ; this thermometer being Used to show 
the difference of temperature of the air in 
the balls, is called a differential thermo* 
meter. 

28. Mow is the thenfuwteter scale divided f 
Into a number of equal parts, which are 

named degrees; in this country the scale 
used is that of Fahrenheit, in which the interval betwedb the 
freezing and boiling point of water is divided into 180 degrees. 
In France the eenngrade thermometer is used ; it consists in 
an arrangement of the scale, in which the freezing point is 
marked 0, or zero, and the boiling point 100^. In the north 
of Germany, Reawimir^s thermometer is employed, the freezing 
point is marked 0, or zero, and the boiling point 60^. These 
thermometers ai-e represented in the annexed engraving : — 
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Xn RiUherfor^Pi Bagistm* Themomstet*, the highest and lowest 
teffipeT^turesf whiah ooovof within a given time, are indicated 
and made to register themselves. This instrument consists of 
two tharfi;on^etei?s, placed with their tubes in a horizontal 
position, as sbpwn in the %are. The one a, contains spirit of 




wine, the other 5, coijtftin^ mercury, In the stem of the ttoiv 
mometer bf a small iron wir^i placed at tl^e sur£i^ce of the mer- 
coiy, acts the part of an index, being propelled forward as the 
mercury expands, and being left at the point of greatest ea^- 
paosioii, when the mercury contracts; it then indicates the 
nighest temperature which has Qcourred during an observa- 
tion. In the stem of the thermometer a, a small piece of ivory 
is immersed in the spirit, and by a slight inclination pf the in- 
strument, is brought to the surface of the liq^uid. When the 
temperature falls, the ivory i^ can'ied back with the 9pint ; 
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but, when the temperature rises, the spirit only advances, the 
ivory being left behind, thus indicating the lowest temperature 
which has occurred. By inverting the thermometer the ivory 
is brought again to the sur£%ce for a new observation. 

29. Prom wlwJt temperature is the scale commenced ? 

iVom the temperature produced by mixing together ioe and 
salt; this point was called zero, it being supposed that no 
greater cola could be produced than by this mixture ; Fahren- 
heit, therefore^ Imagined this to be the point at which bodies 
are deprived of heat ; the scale between this and the boiling 
point of water he divided into 212 parts, and the freezing 
point of water was found to be in the 32d division of this scale. 

30. Do dJU bodies expand when heated, and contract when 
cooled f 

Ko, some substances when cooling expand ; the most re- 
markable cases are some metals which expand when aaanTniTig 
the solid form ai^ fusion ; of these iron affords a good ex- 
ample, which when cast as it solidifies^expands, and so forms 
a perfect impression of the mould ; and the mixed metals used 
in the composition of printers' types, which, for the same 
reason, assume accurately the form of the matnx ; some fluids 
also expand when cooling, the most remarkable of which is 
water, which expands to a great degree when changing into 
ice ; at the temperature of about 40*^, water has its greatest 
density; when cooled below this, it begms to expand, and con- 
tinues to increase in bulk imtil the whole is solidified. 

31. Tou have mentioned thai heat is radiated from the surfaces 
of bodies — does the state of a suff<ice affect the radiation of heat ? 

Yes ; Leslie found that the colour and state of the heated 
surface materially altered its radiating power ; he found that 
when a surface was black, it gave off heat &ster than when it 
was red or white — when rough, better than when polished. 

32. How can this be shown experimerUaJUy ? 

By filling three vessels, having surfaces m these three states, 
with water at the same temperature, we shaU find the black 
will cool more rapidly than the red or white, and the rough- 
ened more rapidly than the polished surface. 

33. What practical uses a/re made of these discoveries ? 
When we wish to retain heat in bodies, we always keep 

their surfaces polished ; this is of great use in parts of steam- 
engines, in which it is of importance to retain as much of the 
heat as possible, and in different domestic utensils. When we 
wish to give off heat rapidly from a surface, we always have 
the surface blackened, as this diffuses the heat more quickly ; 
thus, in heating apartments by means of steam or hot water, 
the surfaces of the tubes are always blackened, and therefore 
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difEuse the heat more rapidly than if they were in any other 
state. 

34. As heat is given off or radiaiedfrom bodies mth differevA 
degrees of cderitVy depending on the stcOe of their ewrfaceSy we 
might expect tomdtkcU when heat faUs on a sv/rface it would 
be absorbed with greater or less facuUy cuxording to the state of 
iheswrface; is this the case? 

Yes, the absorption of heat is materially influenced by the 
state of the somce upon which it faMa, and we find the best 
radiating snr&ces are also the best absorbing sor&ces ; thus 
a black sui&oe absorbs heat more rapidly than a red or white^ 
and a rough more rapidly than a pollfihed snrfiioe. 

Z5» How is this demonstrated F' 

Dr. Fnuoklin proved this many years ago by placing pieces 
of diif erent coloured cloths upon snow, when he found that the 
snow melted more rapidly under a piece of black cloth than 
under a red, and more rapidly under a red than a white piece ; 
in this way we shall find that with respect to colours, a Dlack 
surfiioe absorl» heat better than a white surface, and with re- 
spect to the state of sur&ce, a rough better than a polished 
surface. 

36. When heat faHs upon a surface what are the different 
effects to which it is subject f 

It may be absorbed as I have already mentioned ; it may 
be reflected, or it may be transmitted through the body^ 

37. What do yank mean by saying it may be reflected f 

TheX it may be thrown pff again from the surface, in the 
same manner as we know the rays of light are. 

38. How was this proved f 

By the experiment of Fictet ; he showed that when a heated 
body was placed opposite a concave metallic mirror the heat 




was reflected from its surface and collected in the focus of the 
mirror ; i^ for example, we take two concave metallic mirrors 



18 



HEAT. 



d and 0/, and place them at the distance of several feet from 
each other, and place in the focus of one of them a heated ball 
€t, and in the roous of the other a ddicate thermometer, we 
shall find that the heat radiated from the snr&oe of the ball is 
reflected in pars^el lines from the sor&oe of the mirror <la|id 
reflected to the foeos h of the miiror npon ef the thermometer, 
which will immediately show a rise or temperature. 

39. In speaking of tM thermometer you stctted that ii tikowed 
U8,hyihe expanai(m of the fluid vdthin it, the quantity of sensible 
heat; does it shot^ us the whcie quamtUy of keat in a body $ 

No ; it only shows that whieh is not chemically eomloned 
with the body ; that it does not show the whole quantity of 
heat in a body is easily proved ; if we place a vessel of snow 
before a fire, having placed a thermometer in it^ the snow will 
gradually melt by union with the heat absorbed from the fire, 
and yet no change will take place iu the fluid in the thermo- 
meter, because the heat does not become sensible, 

40. Ebw can you show that bodies eoTitain a kurge ^aaoHty 
of heat not appr^noMe by the ihennomster f 

Wrought iron, thougn quite cold, oontains a lar^ portion 
of latent caloric ; and if it be briskly hammered for some time 
on an anvil^ it will become red hot by the action of this species 
of caloric, which by the percussion of hammering is now evolved 
and forced out as sensi^ ^heat ; while chemically (^mbined 
with the iron, it only tended to give it malleability and duc- 
tility ; but when converted to fr^ caloric, it operates with as 
much activity as though it had never existed in a latent state. 

If we mix a little sulphuric add with about an ounce of 
nitric acid, and the mixture be poured into oil of turpentine, 
the whole will burst into flame. This is owing to the com- 
pound having less capacity for caloric than uiese separate 
fluids ; consequently a part of their combined caloric is libe- 
rated, and produces the inflammation. * 

41. What substances contain latent caloric f 

Caloric in a latent state exists in all substances that we are 
acquainted with. 

42. Do aU substamces contain the same gwmtiiy of latent 
caloric f 

No ; caloric combines with different substances in different 
proportions ; or, as Doctor Black, to whose discoveries we are 
indebted for our knowledge of this branch of science, expresses 

* The phial contaimng the acids shcmld be fixed to a rod, and its 
oomtents poured at onoe upon the oil in a oup, plaoed in the open air, 
or nnder a large chinmey, to prevent any accident fropi the sadden 
combustion. 
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it, bodies have different capamiiea for heat ; one bpdj being 
capable of uniting with a greater c[uantity of heat than another* 

43. Can yank exemplify thU cunotu property of matter f 

If equal quantities^ by weight, of water and mercury, cooled 
down to the same point, be afterwards separately heated to the 
temperature of boiling water, the water will be found to have 
required more th^n 23 times the quantity of caloric that the 
mercury did to bring it to that temperature. This property 
may bei shown more readily by the following experiments : — 
Take 1 lb. of Vater at 100°, and mix it with 1 lb. of water 
heated to 200°, the mixture will be found to give the exact 
mean tepiperature of 150° ; but 1 lb. of mercury at 100°, and 
1 Ibf of water at 200°, "will produce a heat mudi higher than 
the piean tempeiature : mercury has not therefore so great a 
capacity for caloric aa water. A metal plunged into an equal 
weight of water of a higher temperature, gains more degrees 
of thermometric heat than the water loses ; and this takes 
place, in different proportions, for each species of metal. In 
all these oases it is necessary that there be no chemical action 
exerted between the bodies. 

44. Is this capacity for caloric uniformly the earns in the 
earns bodies f 

Yes ; the s^me bodies have at all times the same capacity 
for caloric, \mleBS some change takes place in the state of those 
bodies : as for example, when a solid changes its state and be- 
comes a fluid or gas. 

45. Whai change takea plooe in eciide by change to the fluid 
state? 

Owing to their acquiring an increased capacity for heat, 
their sensible heat is absor Md and rendered latoit, and conse- 
quently they indicate cold to the thermometer. 

46. Oive ms some experiments in procf of this f 

K we dissolve certain salts in water a great degree of cold 
is produced ; thus if we mix in a vessel of water muriate of 
anmionia, nitre, and sulphate of soda, the solution of these 
salts will produce a degree of cold lower than that at which 
water firee^es ; on this principle all compound freezing mixtures 
are formed. 

47. Doee the comrary change take plaee when flmds he" 
come solids^ or is jthe laient heat reruiered sensible during this 
change? 

Yes ; whenever a body changes from the fluid to the solid 
state, heat is given out ; we have a good example of this in the 
slaking of quick-lime, in which case the heat escapes from the 
water m consequence of its changing from a liquid to a solid 
form by its union with the lime. The same eifect is produced 
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in making bntter. When the cream changes from a finid to 
a solid, a considerable degree of heat is produced. 

48. According to this statement heat ought to be given otU 
during the corwersion of water into ice, 

Uns we can prove to be the case ; if we place a vessel of 
water in a freezing mixture and suspend over it a delicate 
thermometer, we find the thermometer will show a rise of 
temperature at the moment the water begins to solidify. This 
may be shown perhaps more clearly by the experiment first 
pointed out by Doctor Black. 

If, when the air is at 22?, we expose to it a quantity ol 
water in a tall glass, with a thermometer in it and covered, the 
water gradually cools down to 22^ without freezing, though 
10^ below the freezing point. Things being in this situation, 
if the water be shaken, part of it instantly frizes into a spongy 
mass, and the temperature of the whole instantly rises to the 
freezing point ; so that the water has acquired 10^ of caloric 
in an instant. Now whence came these 10^? Is it not evident 
that it must come from that part of the water which was frozen, 
and consequently that water in the act of freezing gives out 
caloric? 

49. How does this property of bodies operate f 
Whenever a body nas its capacity for caloric thus increased, 

it requires a larger portion of the matter of heat to raise it to a 
given temperature, than another body does which has a less 
capacity for heat. 

50. Is there any method of ascertaining the specyio calorie of 
differevU bodies^ and comparing the relative capacity of each for 
heat? 

An instrument called a calorimeter, * is used for this pur- 
pose. The substances to be tried are heated to the same tem- 
perature, and then placed in this machine surrounded with 
ice. By observing how much ice each of them melts in cooling 
down to a given point, the specific caloric which each of them 
contained is determined. 

51. What do you mean by heat becoming latent f 

That when a body changes from the solid to the fluid state, 
or from the state of fluid to that of a gas, that the heat which 
combines with it in order to eflect this change, does not appear 
as sensible heat, but unites with the body undergoing this 
change and remains latent. 

52. Can you give me a familiar example cfthis f 

* Though the calorimeter be capable of xneasnring what is oalled the 
specific caloric of bodies, no method has yet been disooyered of ascer' 
taining the absalvJte quantity which bodies contain. 
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In the case of ice thawing we have a good example ; all the 
heat we may communicate to a piece of ice or snow when 
thawing is rendered latent; the same thin^ occurs in the con- 
version of water into stean^i ; for when tiae water begins to 
boil, its temperature never rises above 212°, because the heat 
is carried off in a latent state by the steam, owing to its in- 
creased capadlnr for heat. 

53. Why 18 the capacity ofstecMufor heat ffreaier than that of 
water? 

Because water, by change into vapour, expands nearly 1800 
times in volume, and theiifore its capacity is increased 

54. Is the temperaiwre at which water boils always the same f 
No ; the boilmg points of all fluids depend on the pressure 

to which thev are subjected ; if we remove this pressure, the 
fluid will boil at a lower temperature ; if we put a cup of ether 
under the receiver of an air-pump, and remove the air, th^ 
ether will boil at a very low temperature ; and this experiment 
will also show that a large quantity of heat is absosbed during 
the conversion of a fluid into elastic vapour, for the ether wiU 
become so cold during the ebullition, that if a tube be filled 
with water and placed within it, the water will be frozeiL 

55. Whai is the reason that steam issuing from high-pressuro 
boilers, generally feds cold, when we know that the temperature 
of the steam and water within the boiler must exceed 212° ? 

Because the steam on coming into the air suddenly expands, 
and absorbs the sensible heat m consequence of its increased 
capacity. 

6e, What is the principle on which steam acts in the steam- 
engine? 

Water when converted into steam forms a yapour, whose 
expansive force is proportional to its temperature ; when, 
therefore, water is heated and converted into steam, this, in 
consequence of its expansion, is made to act as a moving power. 

57. To what practical purposes is the fact of the boiling point 
of vKiter, varying with the pressure, made subserviefnt ? 

It is often applied to the evaporation and concentration of 
solutions likely to be injured by subjecting them to a high 
temperature ; in the refining of sugars, recourse is had to this 
law, in the concentration of the syrup, which, if boiled down 
at a high temperatare, might suffer injuiy. 

58. Tou have mentioned that steam contains a large quantity 
of heat ; how is this shtywn? . 

When steam is reconverted into water the latent heat is 
given out ; for this reason it is that a gallon of water in the 
form of steam will impart more heat to cold water than a 
gallon of water at the temperature of steam ; for example, one 



22 HEAT. 

parfc of water at 212°, will raise the temperature of 100 parts 
of water at 50° only 1^ degrees : but one part of water as 
steam will raise 100 parts of water ll^ In consequence of the 
large quantity of heat cdntained in steam, it is used with ad- 
vantage^ on many occiksions, to heat laige quantities of fluids 
without the direct application of fire. 

59. Wh(U do y(m caU ihoit portkm of c^^ 
aa/ry part of fluids f 

It is called the caloric of fluidity ; and different fluids re- 
quire different portions of it to preserve them in the liquid 
state. 

60. Canpon adduce any experiments in Ul^etration of {kief 
If we mix together four parts of sulphtuic add, and one part 

of ice, both at the temperature of 32°, the ice melts instantly, 
and the temperature of the mixture rises to 212°, the heat ot 
boiling water. But if four parts of ice and one of the same 
kind of acid at 32° be mixed, the temperature sinks to about 
4°. In the first of these experiments, as the ice and acid com- 
bine, they become more dense than their nvean density ; con- 
sequently, they both give out a part of their caloric of fluidity, 
and retfdn only the caloric of fluidity which is necessary for 
the new compound. In the other case, the ice, affluming a 
liquid form, requires a larger quantity of heat to give it fluid- 
ity ; and the sudden fall of the thermometer is owing to the 
suddenness with which the ice absorbs the caloric from the 
add, and which it requires before it can take a liquid form. 

61. WhaJt are the particular effects of caloric on bodies f 

It favours the solution of salts, and promotes chemical imion. 
In other cases it serves to separate bodies abeady combined ; 
so that in the hands of chemists it is the most useful and power- 
ftil agent we are acquainted with. 

62. MeviZion some experim/ents in proof of these ejfects ? 

If sulphur and copper filings be mixed together m a Florence 
flask, no change is produced, but if they be heated, they in- 
stantly combine with combustion. The ea^loeion of fuhnmair- 
ing silver by h^t affords an example of the effects of h^t in 
separating substances already combined. 

63. Is the chemical affmily of bodies for calorie in generd 
very 8tr(mgf 

JNo : it is one of the weakest of all known affinities. 

64. How does (Ms appear f 

From the facility with which heated bodies pert with their 
sensible heat. 

65. Is this wuversaUy the case f 

Yes : it seems to be one of the laws ot nature, that heated 
bodies should give out paH of their &^ caloirio to the oeigli* 
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bouring bodies at a lower temperature, till the whole become 
of an equal degree of temperature. This may arise £rom a re- 
pulsive force existing among the partides of heat, which, when 
not overcome hj this attraction from, the particles of matter, 
causes them to fly off. 

66. dive me an instance of the operation of this law of nature. 
When the temperature of the atmosphere is reduced below 

32°, water gives out its superabundant caloric by degrees, till 
at length the cold atmosphere deprives it of its caloric of fltdd- 
ity also, and it becomes ice. And this change can take place 
but slowly, owing to three circumstances; first, that heat is 
given out auring the congelation in consequence of the change 
of state ; and secondly, because the water is one of the worst 
conductors of heat ; and thirdly^ that water at the temperattire 
of 40° is at its greatest density, and consequently the carrying 
power cannot operate in effecting this change* 

67. il^iU vou now enuiMraie to me a few ^ the advantagiBS 
which have been derived from this Iraneh of chemical etud^ / 

There is no necessity for enumerating the important effects 
produced in nature by this princiidej for every change around 
us is either wholly or in part dependent upon iijd agency ; in 
the arts and sciences we may also perceive how much has been 
effected, even within a few years, by the study of its lawb, and 
its application to practical purposes ; the invention of tibe 
steam-engine alone, which is increasing the effective force of 
these countries to a decree hardly estin^ble^ and giving us the 
power of vying with the very planetary motions in velocity, 
would establish its claims to our attention $ by meaiis of this 
agent man " makes the elements of air and water the carrien 
of warmth, not only to banish winter &om his home, but to 
adorn it, even during the snow-stonUi with the blossoms of 
spring ; and, like a magician, he raised ^c«n the gloomy and 
deep abyss of the mine the spirit of light to dispel the mid- 
night darkness.*'^ 
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1. What is cUiradion f 

Attraction is an unknown foroe^ which causes bodies to ap- 
proach each other. 

2. Which are the most olmoue instemoea of attraction f 

The gravit9.tion of bodies to the earth ; that of the planets 

* HiB, SomerviUe* 
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towards each other; and the attraetioiiB of electricity and 
magnetism. 

3. Are you cKquaivited with other tTutaTices of aUraction ? 
Tes ; attraction subsists between the partiaes of bodies ; and 

it is this kind of attraction which comes tinder the more im- 
mediate cognizance of chemists. 

4. How %8 this kind of attraction described in chemical Ian- 

gtmef 

whenever the force of attraction operates between particles 
of the same species, it is called the attraction of cohesion, or 
the attraction of aggregation; but when between the particles 
of difiBerent substances, it is called the attraction of composition, 
or chemical attraction or affi/nity, 

6, Bo you msan that the ottraeHon of cohesion cannot be exer- 
cised between partides of different kinds 9 

No : for we are aware that water will adhere to many sub- 
stances, merely in consequence of cohesion ; perhaps chemical 
attraction may be most properly defined to oe an attraction 
exerted between the particles of matters by which their pro- 
perties are completely changed, and the attraction of cohesion, 
that attraction which keeps the particles of matter together 
without effecting any change in their properties— an example 
may better explain my meaning ; if we dip a piece of tallow in 
water, a small quantity of water will adhere to its sur£EU», 
owing to the force of conesion between the two substances ; but 
no change will take place in the nature either of the water or 
tallow ; we may boil melted tallow and water together for a 
length of time without effecting any alteration in the properties 
of either ; but if we add to the water some potash or soda, an 
immediate change takes place, and the tallow forms a white 
compound, whi<£ dissolves readily in the water, and cannot 
be separated from it by any simple means — in this case a 
chemical change has taken place, which has altered the pro- 
perty of the taUow and made it easily soluble in the water.* 

* A piece of loaf-sngar broken into fine powder, or water in the state 
of vapour, is said to have its attraction of aggregation broken ; but the 
smalleBt atom of the powder is still sugar, and the most trifling portion 
of the vapour is still water. In order to exemplify the latter kind of 
attraction, a little caustic soda may be put into a glass, and muriatic 
acid added to it. Both these are corrosiye substances ; but the compound 
resulting from them will be found to be our common table-salt. Here 
we have an instance of two heterogeneous bodies producing, by their 
action on each other, a distinct substance, possessing the properties of 
•fieiJ^i^r of the bodies which compose it. 

If several salts be dissolved in the same water, each particle, when 
they crystallize, will find its own kind^ by a sorb of innate polarity. 
To prove this, dissolve separately equal weights of sulphate of copper 
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6. Can you explain mth more precision what is meant by 
attraction of cohmxm. 

The particles of all bodies are possessed of the inherent pro- 
perty of attracting each other, which causes them to adhere, 
and preserves the various substances around us from falling 
in pieces. The nature of this wonderfol property is entirely 
unknown. 

7. Can you aive me omAf examptee of this force visibly acting f 
If we carefully notice two small particles of mercury, wlule 

gently moved edong a smooth surface towards each other, a 
mutual attraction of one to the other will be very evident at 
the moment of their union into one globule. Two bullets, if a 
small portion of each of their sumces be freshly cut and 
strong pressed together, will cohere with very great force. 

8. How may the attraction of cohesion he measfwredf 

The force of the attraction of cohesion, in solid bodies, may 
be measured by the weight necessary to overcome it. Thus, 
if rods of metai, glass, wood, &c., be suspended in a perpendi- 
cular direction, and weights be attached to their lower ex- 
tremities until the rods break, the weight attached to each 
rod just before it broke is the measure of its cohesive force. 

9. Whai do you understand by chemical cBttraction f 

The particles of every simple substance have not only an 
attraction among themselves, forming the aggregation of that 
body or substance, but they have sJso another attraction to 
such other substances with which they have an affinity ; and, 
when resented, unite to them, and form a new compound. 

10. What a/re the lanes of chemical attraction f 

Chemical affinity can only exist between the particles of 
different substances ; and this species of attraction is exerted 
with different degrees of force, according to the nature of such 
substances, and frequently in proportion to the mass. All 
bodies combine only in certain aefinite proportions. The new 
combinations acquire new proportions, and are incapable of 
separation by mechanical means. 

11. Are there any circwmstxmces which seem to modify diemC' 
ccd action F 

Yes ; heat has a remarkable effect in promoting chemical 
action of bodies on each other, as was mentioned in the pre- 
ceding chapter : the state of aggregation of two substances 
has also a great effect ; for example, two substances which in 

and crvstalB of nitrate of potaes in sufficient quantities of boiling water ; 
pour them together while hot into a flat pan, and when the water has 
evaporated a little, and the whole is suffered to cool, the salts will 
crystallize— the sulphate of copper in blue, the nitre in white crystals, 
eimilar to what they were before they were dissolved. 
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the diy state have no sensible action on each other, when 
made noid immediately combine ; this may be exemplified in 
the different alloys of metals with each other ; copper and jdnc 
may be kept in contact for ever without acting on each other,, 
but by means of heat they are converted into the alloy brass ; 
tin and copper also when heated are made to unite together ; 
dry tartaric acid and carbonate of soda may be left in contact 
without undergoing any change, but if ea^ be dissolTed in 
water an immediate chemical acticm commences. 

12. What are the most common effects of chefnical action t 
Firsts It produces a complete change in the properties of 

bodies ; for example^ when an add and alkali combinof the 
properties of eadi are generally coitipletely destroyed : smell 
and taste are boi& sdtered, and the characteristic properties of 
each can no longer be recognized. Secondly^ Change 5f form 
frequency results ftx>m chemical action. Thirdly, Heat and 
light, or combustion, sometimes result from it. Fourthly, 
Change of colour. 

13. Give me an example ctf change <^ form resfMng from 
chemical action f 

The solution of a solid in water^ the conversion o( part of 
chalk into a gas by Solution in an acid$ and the solid matter 
produced by l»:eathing through lime water, are examples of the 
three changes of form which may occur» 

14. Do you know any eases of combustion resvJUina from it f 
We have familiar examples in the burning of fuel, and 

candles, and the ignition of matches by dipping them in sul- 
phuric acid. 
16. Oim 7ne some essompis of change of coUywr / 
If we make a solution of green vitriol in water, and add 
some ferroprussiate of potash, we have a fine blue colour pro- 
duced ; conmion writing ink also aifords us a good example of 
change of colour ^ the solutions which form it having one a light 
green and the other a brown colour. 

16. S(yw a/re the different kinds cf chemical aUracHon or 
affinity distinguished? 

Chemical attraction is of three kinds ; viz. simple, compound, 
and disposing attraction. 

17. What is simple attraction F 

When two substances unite nierely in consequence of their 
mutual attraction, they are said to combine by virtue of simple 
attraction. We have an example of this in the union of an 
add and alkali or an acid and earth.^ 

^ * The following oxperimentB "will serve to exemplij^ some eases of 
simple attraotioxu Take a portion of ao«tate cf soda, poor mwiatiQ 
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18. What is compound attracHon f 

ThQ action of two oompoimd substances, whereby they mu- 
tually decompose each other, and produce two or more new 
compounds. For example, when we pour into a solution of 
sulphate of magnesia (Epsom salits), a solution of carbonate of 
soda, the sulphuric add unites with the soda, and the carbonic 
acid of the soda unites with the magnesia^ forming carbonate 
of magnesia^ which £el11s down."^ 

19. Are any other terms ever emjployed on the mbject ^ ckemi^ 
col attractions f 

There are what are called qwiescent attractions) and divdlerU 
attractions* 

acid upon it in a retort, and distil it to dryness. The acetic acid -will 
be expelled, and the muriatic acid will be found in combination with 
the soda, united so strongly that the most intense heat will not be able 
to separate it. This effect is owing to the soda haTing a greater attrac- 
tion for muriatic acid than it has for the acetic. If a portion of nitric 
acid be now added to the muriate of soda, and heat applied, the muri- 
atic acid will be again disengaged, and Ihe nitric acid will be in posses- 
sion of the soda. Lastly, if to the nitirate of soda sulphuric acid be 
added, and these exposed to a due degree of heat, the nimc acid will be 
expelled, and the sulphuric acid wul be in possession in the alkali, 
forming a true sulphate of soda. These changes all take place in conse- 
quence of chemical attrtkction. By this attraiction acetic acid combines 
with soda, and forms a salt called acetate of soda ; but muriatic, nitric, 
and sulphuric acid, have each of them a stronger attraction for soda, 
and their respective attractions are in the order in which they have 
been named. 

* If into a solution of sulphate of ammonia there be poured nitric 
acid, no decomposition is pitnluced, because the sulphuric acid has a 
stronger attraction thaji nitric acid for ammonia. But if a solution of 
f nitrate of potash be poured in, we obtain by evaporation two new bodiei, 
svJ/phate of potash, and nitrate of ammonia. In this case, the sulphuric 
acid of the sulphate of ammonia attracts the potass of the nitrate of 
potass, at the same time that tiie ammonia attracts the nitric acid ; and 
to the i^ency of these united attractions, the double decomposition must 
be attributed. The manner in which these combinations take place 
may be explained by the following dia^gram ; let us suppose that all these 
forces are placed so as to draw tiie ends of two cylmders crossing one 
another, and fixed in the middle in this manner. 

Potash. 4^ K. Add. 




Sulph, Acid. 4* AimaoiuA, 
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20. Whca do you mean hy quiescent attractions ? 

When two or more bodies are presented to each other, the 
attractions which tend to preserve their original arrangement 
of parts are denominated quiescent attractions. 

21. Give an example of this f 

If a solution of nitrate of silver be poured into a solation of 
chloride of sodium, two new substances will be formed ; viz., 
nitrate of soda, and chloride of silver ; the latter of which, 
being insoluble in water, wiU be precipitated. In this experi- 
ment the attraction of the nitric add for the silver, and the 
chlorine for the sodium, are ihequiescemt attractions ; whereas 
the attractions of the nitric acidfto the soda, and the muriatic 
add to the silver, are the divdlent attractions. Hence no new 
arrangement of parts in any mixture can take place, unless 
divellent attraction exist. 

22. J^iat is meant by divetteni attractions ? 

Those attractions which tend to destroy the original com- 
pound, and to form new arrangements, are called the divdlent 
attractions. 

23. What advantage do we derive from the study of chemical 
attractions ? 

From all that has hitherto been explained, this seems to be 
beyond doubt the most important part of chemistry ; for it is 
only from a thorough knowledge of the attractions which 
different substances nave for each other, that we shall ever 
attain a complete analysis of the productions of nature. 

24. How shoidd a pv/pU proceed to acquire — what seems so 
essential to chemistry — a knowledge of these attractions f 

Practice can alone give competent knowledge of these attrac- 
tions ; and a reference to the tables given in the different ex- 
tended treatises on chemistry, will &cilitate the acquisition. — 
The first tables were compiled by GeoflBroy, a century since. 

25. How are chemical attractions noted in these toMes f 

The name of the substance whose affinities are required, is 

In this form the componnds are nitrate of potash and sulphate of 
ammonia ; when these are applied to each other, double decomposition 
takes place, which may be represented by making the following dumge 
in tiie diagram: — 

Potash. Nitric Acid. 




Sulph. Add. Ammonia. 



In which we have the sulphuric acid combined with the potash, and th9 
nitric add with the ammonia. 
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Always placed at the head of a oolunm, and separated generaUy 
by a line ; below this the other bodies are placed in the order 
of their attraction to the first substajioe, as in the following 
table : — 

SULPHUEIC ACID. 



BABTTA. 

8TBONTIA. 

POTASS. 

SODA. 

UMB. 

ICAGKESIA. 

AMMONIA. 

ALUMINE. 

MBTALLIG OXIDBS. 

WATBB. 

J*rom which we learn that baxyta, which is the nearest, would 
separate strontia, potass, or anyone of the succeeding substances^ 
from sulphuric acid, which prefers barjrta to all other bodies 
whatever. 

26. Are these tables to be depended vpon in every ease of 
chemical composition and decomposition f 

These tables, notwithstanding some exceptions,* are so ex- 
tremely useful, that the study of them cannot be too stronffly 
inculcated ; since in most cases they may be safely trusted by 
the practical chemist. 

27. What is repulsion F 

Bepulsion is a peculiar property, inherent in the particles of 
all matter, which gives them a constant tendency to recede 
from each other. 

28. JSow is it proved that this force exists in TMxtter f 

We find that the particles of matter are not in actual con- 
tact, which thej would be if no such force existed. 

29. How is %t proved that thepartides of m^atter are not in 
contact f 

The fact, that most solids can, by mechanical pressure, be 
made to undergo a diminution of volume proves this ; and the 
&ct, that liquids are capable of dissolving large portions of 
solid matter witiiout increase of bulk, proves uiat there are 

* The affinities of bodies are affected bjr the proportions in which they 
are presented to each other, hy the cohesion of their parts, by ohemiciu 
repmsion, temperature, &c. Thus, sulphurio acid decomposes nitrate 
oipotass altogether, by the assistance ofneat. The nitric acid is driven 
off, and there remains behind sulphate of potass. But if nitric acid be 
poured into sulphate of ])ota8s in sufficient quamtUy, it takes a part of 
the base from the sulphurio acid, and nitrate of potass is regenerated. 
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fipaoee between t|ieir tiltimate particles ; and the readj com- 
pressibility of gases is a proof of the same theory. 

30. H(yw does this property ofmaUer operate 9 

It operates both at sensible and at insensible distances. ^ 

31. What instathoes a/re there of the former kind of repulsion 9 
The only kinds of repulsion that can be exhibited to the 

aenses, are those of electridtjr* and magnetism ;t bnt it is in- 
sensible repulsion with whicn chemists are more particularly 
concerned. 

32. W?iat instances ham you of this latter kind, or of insensi- 
ble repulsion f 

The chief example that we are acquainted with is the repul- 
sion of the partides of caloric t amongst themselyes; whicli 
repulsion would constantly tend to infinite separation, were it 
not for a chemical union, whidh, by an irrevocable law of nature, 
they form with the first surrounding body : for by that law, 
it seems, the partides of caloric cannot exist in an isolated 
state. 

33. How does this repulsive force operate ^tpon other iodies f 
It diminishes the cohesion of the integrant partides of all 

heated bodies, in consequence of the partides of caloric repeU- 
ing each other ; so that ehemioal unions, as well aa diemical 
decompodtkoa, «« wonderiUUy ftdlitated by this spedeB of 
repulsion. 

34 Endea/oowr to expMn this adsion of oalario ydtk mu>re 
precision. 

As chemical attraction takes place only between the ultimate 
partides of bodies, while the attraction of cohesion remains 
superior to that of affinity, no other union can take place ; but 

* If two oork baUa be rospended ftcm an Uunlatad body "with fine 
thread so a? to touch each other, and we charge that body with dec- 
tricity, the oork ball? will separate jn^uediately* The baUa of oooxse 
rq^ each other. 

t When we present the north pole of a magnet A to the same pole of 
another magnet B, suspended on a pivot, and at liberty to move, the 
magnet B recedes as the other approaches ; and by ftdlowing it witli A 
at a proper distance, it may be xnade to turn ronnd on its pivot with 
consideiable vdocity. There is then a repulsion between th^ two ma^ 
nets — a repulsion which increases with the power of the magnets ; and 
this power has been made so great, by a proper combination of magnetic 
that all the force of a strong man is insufficient to make the two ziorth 
poles touch each other. 

4: It is now generaUy imagined that what is called insensible repulsion 
is owing to the presence of ^oric. It is well known that the dasticity 
of air and all other gaseous bodies is increased by heat; that is^ that 
the remilsion between the particles of air, the distance remaining in the 
same, increases with the tmaperature, so that at last it becomes so great 
as to overcome every obstacle which can be opposed to it. 
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•whenevea^ heat luui snffidenl^y diminished this attraetion in 
any substance, the particles are then at liberty to form new 
combinations, hf thor nniou with the particles of other bodies. 

85. C^n ^(nt iU^firaie this by cm ejp<miple P 

The fomnation of the red oxide of mercury will exemplify 
the above chemical axiom. If mercury be submitted to a neat ! 
little superior to that of boiling water, no new combination 
will be formed, but the metal mil remain unaltered. If the 
heat be increased to 600**^ or thereabouts, the attraction of co- 
hesion of the mercury will be broken ; its particles will unite 
with the oxygen of tne surrounding atmosphere ; and a new 
substance, f^ ojnde of fnermMy, will be produced. If this new 
substance be again submitted to the operation of heat, and the 
temperature be raised to 1000°, the combination will again be 
broken, and new affinities will take place. The attraction of 
oxygen fbr caloric will now be greater than that of oxygen for 
mercury ; the o:^gen will quit tihe mercury, and be expelled 
as oxygen gas — ^thus the mercury will consequently once more 
appear in its metallio state. 

36. Is the (tddiiion of eaihrie always necessary to promote 
chemical affiadty f 

In order that the attraetion of composition may take place 
between two bodies, it is generally necessary either that one 
of the substances should be in a state of fluidity, or that heat 
should be applied; so that caloric acts an in^portant part, 
either sensibly or insensibly, in all cases of chemical affinity. 

37. Does cMmicai affinity operate in con^egntence of the ur^i- 
versed law of attraction f 

We have reason to belieVe that every new compound is pro- 
duced b^ virtue of the attraction to which all matter is subject, 
and which is equally operative on the most minute atom, as on 
a planetary system. 

88. Bo you reooUect any familieM^ example of attraetion of 
bodies for each other f 

The attraction of the particles of bodies fbr each Qther is 
exemplified by small quantities of water or mercury, which, 
when dropped upon a Qat suirface, form themselves into spheri- 
cal masses. 

39. Are there any other causes which seem to modify chemical 
action besides heat f 

Tes ; elasticity and the quantity of matter have both great 
effbct in modifying it — manv bodies having a strong attraction 
for each other, when brougnt together in uie elastic state, will 
not combine ; we havp many examples of this. Muriatic acid 
is composed of two gases having strong attraction for each 
other ; yet^ if we mix these gases together in the elastic form. 
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we will have no chemical combinatioii of them thus |irodnoecL 
Oxygen and hydros^ may be kept together for an mdefinite 
period without oomoining ; hydrogen cuiid nitrogen camiot be 
made to combine directly by mixt^ire, though having a strong 
attraction for each other, the attraction beii^ oyercome by the 
elastic force of the gases. 

action? 

A familiar example is afforded in the solution of substances 
in water ; the ereater the quantity of water, in proportion to 
the substance, uie more readily will the latter be dissolved. 

41. When bodies enier into cksfmool oominnaiion do Ihmf 
4ionybine in determ,vn<xte guantUy f 

It is a law of chemioil combination, that all bodies having 
an attraction for each other combine and unite in fixed and 
definite proportions to form new compounds ; that is, if two 
bodies, A and B^ have a tendency to combine and form a third 
compound, C, whenever these bodies unite with each oth» 
they will always combine in the same proportion to form O ; 
thus, if ten parts by weight of A, combine with five parts by 
weight of ^ to form 0, m every case where is formed, its 
constituents A and B will be to the proportion by weight of 
10 to 5. 

42. Can a oompownd body ever vary in the proportion of iu 
oonstitv^ents f 

No ; under all circumstances a compound body has its con- 
stituent parts in the same proportions : for example, sea-salt 
(chloride of sodium), wherever it is found, or by whatever pro- 
cess it is produced, always consists of the same elements com- 
bined in a fixed proportion to each other. 

43. Do you know omy other facte relative to the' eombinaiion 
of bodies? 

The comparative quantities of substances combining chemi- 
cally, may be represented by the same fixed number for each 
substance, in every compound of which it is an ingredient. 
Thus, the weights of the followiug simple or compound sub- 
stances are — ^hydro^n 1, oxygen 8, chlorine 36, water 9, muri- 
atic acid 37. Similar numl^rs have beeli accurately deter- 
miued for a great number of simple and compound bodies. — 
See table, page 338. 

44. When a body comMnes with another body in different pro- 
portions to form different substances, do we observe amy remaArh- 
ailefaot rdaiive to the proportions in which they combine f 

When a body unites in several proportions witii another 
body, we always observe that the second combination is some 
multiple of the fibrst by a whole number, and so likewise of all 
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the other compounds. A ^miliar example is afforded ns in 
the combination of mercury with chlorine : 36 parts of chlorine^ 
united -with 202 parts of mercury, form calomel ; in the com- 
pound formed by a larger quantity of chlorine with mercury 
(coiTosiYe sublimate), we mid the proportion of chlorine to 
mercury to be 72 to 202, or exactly double of the first quantity. 

45. Do gases obey the same Imos as cither bodies in tmir comr 
binaUons f 

Yes; aU gases when combining obey precisely the same 
laws. It is also found that the volumes in which gases com- 
bine are all multiples by whole numbers of the lowest com- 
bining volumes ; thus water consists of one volume of oxygen 
and two volumes of hydrogen, muriatic acid of one volume of 
chlorine and one of hydrogen ; and when two gases combine in 
different proportions, all the new combinations will be multi- 
ples of one of these combinations by whole numbers ; thus, 1, 
2, 3, 4, and 5 volumes of oxygen combine with one volume of 
nitix)gen to form five different compounds.' 

46. What iheoTv has beenfovmded on these facts, and by tohick, 
they a/re explicahle ? 

The atomic theory readily explains these facts, which sup- 
poses that chemical combinations are effected between the ulti- 
mate particles of matter, and that bodies combine either in 
single atoms of each to form new compounds, or two, three, or 
four atoms, &c., of one, to one, two, or three atoms, &c., of 
another. 

47. What idea does this theory give us of the constitution of 
matter f 

That matter consists of ''solid, massy, hard, impenetrable 
Pjarticles,** as was supposed by Newton, and ** that these primi- 
tive particles are so hard as never to wear or break to pieces, 
no ordinary power being able to divide what God made one in 
the first creation." 

48. Has the chemical attraction existing between the particles 
of matter been referred to any known agent f 

Yes, electricity has been supposed with great probability to 
be the cause of attraction between the dissimilar particles of 
matter, and Sir H. Davy suggested that ail chemical attraction 
arose from these particles Having opposite electricities, which 
caused them to attract each other and combine. 

49. Can yow mention any experiments in illustration of this ? 
Tjie decomposition of water by electricity is an appropriate 

example ; when we place a portion of water between two wires 
passing from the extremities of a voltaic battery, the Vater 
will be decomposed, one of its component parts passing to one 
ydre of the battery and the other to the opposite wire, Slowing 
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that these bodies possess opposite electrical attractions ; almost 
all oomponnd bodies m&j be decomposed by the same means. 

60. Mas any ckmifiooiion of chemical miiakmoea ariien from 
thuf 

Tes : aooording to the side of the battery at which the dif- 
ferent substances appear, they have been named electro-posi- 
tive or deotro-ne^tive bodies, and we find that those bodies 
possessing opposite electrical relations have generally the 
strongest tendency to combination. 

51. What are tlis prctctical tues of this theory f 

Erom an acquaintance with tins law of chemical action, and 
a knowledge of the relative quantities to which bodies combine, 
we are able to e£SBct with the greatest certainty all chemical 
changes and decompositions. If we know the weight of one 
substance, we can at onoe ascertain the quantity of another 
necessary to effect its decomposition or to mrm with it a new 
combination. We can also at once ascertain what proportion 
the elements bear to each other in a compound body, from 
knowing its weight and being acquainted with the t&ct that 
the elements are always commned with each other in propor- 
tions fixed and invariabl&^ 



* We give here a table of the Atomic Weights of all the simple snb- 
stances to whidb it -will be necessary frequently to refer in the subse- 
qnent sectionB; in this Table the weight of Hydrogen is taken as the 
stuidard of comparison. 

TABLE OF THE ATOMXO WEIGHTS OF SIMPLE SUBSTANCES. 

HTDBOaEN I. 



BaUtanoM. 


T*.t.Wt. 


Sobttaooes. 


AiWt 


Batttanoet. 


AtWU 


Alammium 

Antlmonv.. 


14 
63 
88 
69 
11 
78 
66 
20 
6 
46 
86 
28 
28 
33 
19 
18 
199 


Iodine 


136 
99 
28 

104 
lU 
13 
28 

802 
48 
29 
14 

100 
8 
53 
16 
99 
40 


Bhodium 


fi3 
89 
7 
108 
23 
44 
16 
83 
60 
59 
94 

^ 

917 

4 

84 


Iridium.... 


Seleuiumxo* 


Arsenic 


Iron 


Silicium 


Bariuia 


Lead 


Silver 


Boron.... 


Lithium 


Sodium 


Bromine ,.,. 


Maencsium 


Strontium 


Cadmiam 


Mansranese 


Sulphur 


Calcium 


Mercury 


Teliuhum 


Carbon 


Meiybdeuum 

Nickel 


Thorium 


Cerinm 


Tin 


Clilorine 

C^^rominin 


Nitrosen 


Titanium 


Osmium 


Tungsten .....^ 


Cobalt 


Oxvcren 


Vanadium 


Conner 


Palladium 


Uranium 


fluorine... ,„ 


Phofpboms... 

Platinum... 


YttriniDr .r 


01i|ciiiinin 


Zinc 


Gold. 


Potassium 


Zirconium 
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IV. SIMPLE NON-METALLIG SUBSTANCES. 

1. What is a simple substance ? 

Those bodies wnich have never yet been decomposed nor 
formed by art, axe called simple substances. 

2. How many simple substances are there f 

The simple substances at present known amount to fifty- 
two. 

3. Can you envmerate the smipU s^stancesf 

All the simple substances we are at present acquainted with 
are oxygen^ chlorine, iodine, bromine, fluorine, hydrogen, nitro- 
gen, carbon^ sulphur, phosphorus, boron^ selenium, and the 
metals. 

4. Is it well cucertained that these are aU simple substances ? 
It is extremely probable that some of these bodies may be 

compound ; but as no mode has yet been discovered of decom- 
pounding any of them, it will be more conducive to science, to 
consider them, for the present, as simple undecomposable 
bodies. 

6. What is oxygen? 

Oxygen in a pure state is a gas, devoid of colour, taste, or 
smell, resembling atmospheric air, but possessing a slightly 
greater specific cravity, in the proportion of 17 to 16 nearly. 

6. Whai are the properties of oxygen gas f 

Oxygen gas is a supporter of combustion, and' is absolutely 
necessary for the support of animal and vegetable life. 

7. H(m do you prove that oxygen is a supporter of combustion f 
Pour a little water on a flat dish, place two or three lighted 

wax tapers of different lengths in the water, and invert a tall 
glass jar over them filled with oxygen gas. The fiame of the 
different tapers will soon be seen to grow smaller, and at 
length will be extinguished in succession. That which is 
highest will be extinguished first, and the shortest taper the 
last, owing to the purer air occupying the lower part of the 
jar. In this case the oxy sen disappears, having combined with 
the tapers, and these no longer bum when the oxygen is ex- 
hausted. If we take a iar of pure oxygen, and put a taper in 
it, the taper wiU bum ^th ^ter briSiai^cy an^ for a Lger 
time than in the same quantity of air. 

8. What is the nature of oxygen gas, when in a separate ^ate f 
Pure oxygen gas has the property of accelerating the circu- 
lation of aU ^e animal fluids, and occasions the rapid combus- 
tion of most combustible substances ; so that it is one of the 
most energetic and powerful agents that we are acquainted 
with. 

9. How may oxygen gas heprocwredf 
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By the action of heat on various substances ; if we pat into 
an iron retort black oxide of manganese, nitre (nitrate oi 
potass)^ or chlorate of potass, and place the retort in the fire, 
oxygen gas may be produced of considerable purity, and re- 
ceived in proper vessels, A large quantity of perfectly pure 
oxygen may be obtained by the following process. EiisJf an 
ounce of the salt called chlorate of potassa, is placed in a 
Florence oil-flask, famished with a peiforated cork, into which 
a bent glass tube is fixed, as shown in the figure. The flask 
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is placed upon a chemical stand, and heat is applied by means 
of a spirit-lamp. The salt melts, though it contains no water, 
and, when nearly red-hot, gives off an abundance of oxygen 
gas. The gas passes through the glass tube, and enters the 
glass vessel or receiver, which had been previously filled witii 
water, and inverted upon the shelf of a pneumatic trough. 

10. What is chlorine f 

Chlorine is a green-coloured gas, having a suffocating smelly 
and heavier than atmospheric air. 

11. H<yw is it prepared f 

If we pour strong muriatic acid upon black oxide of man- 
ganese in a retort, and having plunged the neck of the retort 
in a vessel of water, apply hea^ by means of a lamp, we can 
procure this gas in the same manner as oxygen.*^ 

12. What are its principal chemical properties f 

It is a supporter of combustion, destructive to animal life, 
and destroys the colour of all vegetable substances. 

13. Adduce some experiments in proof of this f 
Phosphorus plunged into a jar of chlorine, bums in it ; 

copper-leaf and several metals passed into this gas take fire, 

^ * The rationale of this process is, that the muriatic acid, which oon- 
siflts of chlorine and hycurogen, is decomposed, the hydrogen iinif-ing 
with the oxygen of the manganese, and the diloiine bemg set free. 
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a&d water oolonred by vegetable jnioe has its colour speedily 
destroyed. 

14. Is chlorine used in the arts f 

Tea ; in tiie process of bleaching it is extensively used in 
oombination with lime^ in consequence of its efficacy in destroy- 
ing vegetable colours ; it is also frequently used as a disinfect- 
ing agent from its action on organic miasmata ; and a small 
quantity disengaged in any place £lled with offensive vapours 
quickly destroys them. 

15. What are iodine and bromine f 

The former is a solid substance of a brownish black oolouTy 
which when heated, rises and becomes a violetK»loured vapour ; 
the latter is a dense fluid, having a hyacinth red colour, and a 
smell resembling putrescent sea-wrack. 

16. From what a/re they obtained^ and are tkey applied to the 
arts? 

Both exist in sea-water and in certain springs ; neither of 
them has been yet employed in the arts. Iodine has, however, 
been used in medicine, and is supposed to be useful in certain 
forms of disease. 

17. How can you discern the ptesence of iodine in solution f 
A solution of iodine in water (of which it requires 7000 

times its own weight to dissolve it), may be at once recognized 
by its giving, wil£ a solution of starch in water, a deep blue 
precipitate. 

18. What is hydrogen? 

Hydrogen in its pure state is a transparent, colourless gaa^ 
devoid of taste or smell, being the lightest of all known sub- 
stances, and highly combustible when in contact with air or 
oxygengas. 

19. What are the uses of hydrogen f 

The most intense heat which can be produced, is caused by 
the combustion of hydro- 
gen in ox^een gas. upon 
this principle is constructed 
the oxy-hydrogen bloiff-mpe, 
the most important oi the 
present appbcations of hy- 
drogen gas. The simplest 
form of apparat\is for this purpose consists in two bladders, 
the one fined witiii oxygen, the other with hydrogen, and both 
furnished with a blow-pipe tube and a stop-cock. The appa- 
ratus is shown in the figure above. 

20. Sow is hydrogen obtained F 

Hydrogen is procured by decomposing water by means of 
iron, zinc^ or some other metal. The following is the simplest 
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mode of obtainmg tliis gaa A glasa retort must ^ procured. 
The shape of this veaael is represented in tbe Bulaoinetl figore. 



The retort ehonld be tviulated; that is. It must be fimuslied 
■with & month at the upper p^ to VMoh a cork, (a: an air- 
tight stopper of gronnd glass, is fitted. A number of smialt 
iron nails, or smaQ pieces of zinc, are to be introduced b; tlie 
tubulatuTe ! water is then poured in, in much greater quantity 
than is HufficJent to cover the metal ; and to this is added tillont 
the saine weight of sulphuric add as that of the nails. E&r- 
vescence immediately commences, owing to the extrication of 
hydrogen gas, which ia expelled through the ieoi of the retort, 
and received into a glass jar or receivet, 
inverted, fall of water npon the shelf of "" " 

the pneumatic trough. When a laive 
quantity of hydrogen is required, a h^- 
gallon stone-ware jar is procured, having a 
stopper with two perforations in it. Into 
one of these is fitt^l a glass tube, t«nninat- 
ing externally in a funnel, and continued 
down to the lower part of the jar ; into the 
other is fixed s, flexible metallic pipe, as 
shown in the figure. Zinc and water oeing 
previously introduced into the jar, aulphnrio 
acid is poured in by the funnel, and the 
gas escapes by the exit tube ; it may tiien 
be collected oy meats of the pneumaliG 
trough, or be conveyed into the gas-holder, 
as alratck describei 

21, WhtU it it) ^ecifio gravity compared 
mth atmoapherio airf 

It is 15 times lighter than atmospheric air ; it is In conse- 
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quenoe of its levity that it is employed in inflating balloons to 
make them ascend in the air. 

The lightness of hydrogen gas may be exhibited in an iamus- 
ing manner by the following experiments. 1. A beU-glass, 
furnished with a stop-cock, may be filled with hydro- 
gen by means of the water-trough, as represented 
hj fig. 4 ; to this is fixed a bladder, also provided 
with a stoj>-cock. On opening both the stop-cocks, 
and lowermg the bell-jar into the wat^, the gas is 
forced up into the bladder, which may thus be filled, 
and removed fix>m the jar. A tube may then be 
adapted to the mouth of the bladder, and bubbles 
formed by dipping its extremity into soap-lather; ^^^ 
these bubbles nse rapidly into tne air, ana may be ^^^717. 
fired by the application of flame as they rise, if a 
little balloon of oiled silk be substituted for the bladder, it will 
rise into the air, owing to the low specific gravity of the gas. 
2. If two bell-glasses be filled with hydrogen gas, and placed, 
the one with its open mouth upwards, the other with its mouth 
downwards, the gaa will have entirely escaped from Ihe former 
in a few minutes, but it wUl still be found in the latter. This 
may be easily ascertained by applying the flatne of a candle to 
the mouth of each glass; the contents of the latter only 
will bum. 

22. Does hydrogen enter into eomfnnation with the simple sf^ 
stances we have spoken of in this chapter ? 

Yes, it combines witn oxygen, chlorine, iodine, and bromine, 
and forms with each of them important compounds. 

23. We shaR consider the first of these at present : What com- 
pound does hffdrogenform with oa^gen f 

"Water is composed of these gases combined together. 

24. How is the composition ^ water proved f 

1. It may be proved synthetic(dly. It is found that when- 
ever hydrogen is burned in contact with air containing oxygen, 
that a quantity of water is formed, or if it be mixed with oxy- 
gen, and the mixture ignited, that the two gases imite, and 
water is produced — ^if, for example, we pour some sulphuric 
acid and water into a flask containing some iron turnings or 
small pieces of zinc, and fix into the neck a perforated cork in 
which a small piece of tube is fixed, and set fire to the hydro- 
gen extricated from the mixture, on holding a glass bell over 
the flame, the interior of the bell will be in a short time covered 
with moisture. 2. On the other hand, the composition of water 
may be proved analytically ^ or by resolving water into its ele- 
ments. This is eflected by means of the galvanic battery. The 
subjoined figure represente a glass vessel, with a perioration 
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on each side fbmiahed with a cork, through which are paaaed 
wires coanected with the two polea of a gajranic batteiy, 
The vessel is partly Oed with 
■water. Two glass tubes, A and 
B, lK)th filled with water, are in- 
verted in the TeaaeL Aa the 
stream of electridty passes from 
F to N, the water nndergoea de- 
eompotition, the oxygen rises 
in one of the gkaa ^bes, the 
hydrogen in the other, the vol- 
ume of the latter being twice as 
great as thai of the former. 

25. What phewymena aUend 
the eojtAuttion of kffdrogen and 
oxygen gata I 

When these gas«e are mixed 
in the proporti<at of two mea- 
aures of hydrt^en to one of ng,i8. 

oxjrgen and inflamed, they 

□nite with a violent exploaion producing Ute most intense 
heat ;* for this reason the greatest cantion must he eserciaed 
in experimenting on hydrogen gas, aa many accidenta have 
occurred by incantionHly applying flame to this gas when 
mixed with atmospheric air or oxygen even in small propor- 

26. Can the com^iodKon of waler he prwxd by any oti^ 

Yea, we can analyze water ; if we pass steam over iron wire 
heated to redness in a tube, it is decompounded ; its oxygen 
unites with the iron wire and forms oxide of iron, and the 
hydrogen ia given off: water is also decompounded by electri- 
dty, and hydrogen and oxygen prodnced whenever we place 
a portion of water between the wires of a strong galvanio 
battery. 

27. In what proportiva do ihtse gates comMm to form 

* The heat prodnced 1^ these EU«a hnrned together, ia applied in 
the oxy-bydn^en blow-pipe to effect tliB fOaioii of the most r^iBat<n7 
■DfaetuiceB, and oleo to prodniw the moBt briUiuit light hy tbe if^tiou 
fkf Boukll portione of lime ; tbia light bae been found eufficiently Lntenw 
to Berre for the illumiDation of solar microecopee, and has been ap- 
plied to conveying signalB aliQOBt incredibls diEtancee ; the gasea ato 
safely n*ed by being kept in Beparaite Teeerroirs, and mixed togeths 
in vary nn^ qnantitic* before they are indamed, all riek uimng froin 
tlie explouon of IVQe qnantitiee being thus avoided. 
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It is found that two measnres of hydrogen and one of oxy- 
gen nnite together to form water, or that one part by weight 
of hydrogen unites with 8 parts by weight of oxygen : the 
weights of the atoms of hydrogen and oxygen are therefore in 
these proportions, or if the atomic weight of hydrogen be 1, 
that of oxygen will be represented by the number 8. 

28. In how TTumy states do we find water f 

In its ordinary state as a liquid, as a gas in steam, and as a 
solid in ioe, or in chemical combination with different bodies, 
in which state it forms hydrates. 

29. Which is the most simple state of water ? 
That of ice. 

30. What is the essential difference between liquid water and 
ice? 

Water contains a larger portion of caloric 

31. How do you dep/ne steam f 

Steam is water combined with a siiU greater quantity of 
caloric* 

32. What are the properties of steam? 

Steam, owing to the large quantity of caloric which is com- 
bined with it, takes a gaseous form, acquires great expansive 
force,t whence it has &come a useful and powerful agent in 
its application as a moving power in the JSteamrUnffine, Tfao 
apphcation of this agent depends upon two principles, which 
may be illustrated by a little instrument contrived by Wollas- 
ton. It consists of a glass tube, which is enlarged at one end 
into a bulb, and is open at the other. A piston p, is fitted 
to this tube, so as to move up and down with ease, but at 



* However long we boil a fluid, in an open vessel, we cannot make 
It, in the eonallest degree, hotter than its boiling point. When arrived 
at thlB point, the vapour absorbs the heat, and carries it off as fast as 
it is generated. Yet by continued heat, united with additional com- 
pression^ both the expansibility and temperature of steam may be 
greatly increased ; and some constructors of steam-engines have availed 
themselves of this property, to augment the power and diminiflh the 
e:n)ense. 

T The expansive force of steam is found by experiment to be much 
greater than that of gunpowder. Some volcanic eruptions and earth- 

auakes it is supposed, owe their terrible effects to this power of steam ; 
lie water of the sea finding its way to subterraneous fires. 
In boiling oil, the worsen are very careful to prevent any water 
coming near it ; for a single drop coming among it would instantly, by 
the excessive heat of the oil, be converted into vapour, and would force 
part of the oil over the sides of tibe boiler. In casting iron and other 
metals, the greatest care is taken to have the mould perfectly dry, as a 
drop of watOT, by. its sudden conversion into steam, might cause a for- 
midable explosion. 
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Fig. 19. 



the esaoB time, to be aiivldght. Some water is put into the 
bnlb, and Heated; steam is formed, 
and the pistoli is raised to the top 
of the cylinder. In this case, tiw 
elastic force of the steam is the mor- 
ing power, and this force is proportion- 
aHj greater, as the pistoh is more 
loaded and the steam more confined. 
If the bnlb be now plunged into cold 
water, the steam in the cylinder is con- 
densed, and a vacuum is produced be^ 
low the piston, which is now forced 
down to the bottom of the cylinder 
by the pressure of the atmosphere. 
In this case, the moving power is ac- 
quired by the coTidensation of the 
steam, and the consequent production 
of a vacuum. This alternate motion 
may be repeated, and it constitutes the gouroe of power of the 
steam-engme. 

33. Does natttre decompose waMr in any cf her operations ? 
Certainly, by many : particularly by means of every living 

vegetable ; all vegetables having the power of decomposing 
water. 

34. For what putpose are veffetahles endomd noUk this power 
of decomposing water f 

They combme part of its hydrogen, as well as of its o^gen, 
with the carbon of the atmosphere and of the soil, to form tlie 
vegetable compounds, oil, wax, gum, resin, sugar, &c., while 
the superfluous oxygen is evolved by the leaves with the as- 
sistance of the sun's lights whick seems essential td this de- 
composition^ 

35. Oan you recaptttdate what has hithert6 been detailed of 
tlie natwre of oxygen f 

Yes : oxygen is the basis of vital air, as well as one of the 
constituent parts of water ; it is the chief support of life and 
heat ; and performs an important part in most of the changes 
which take place in the mineral, vegetable, and animal king- 
doms. 

36. Is there an^ reason to suppose that water is ^vA f farmed 
in any of the great operations (/nature ? 

Some persons have supposed that the torrents of rain wbich 
generally accompany thunder-storms, may arise from a sudden 
combustion of hydrogen and oxygen gases. 

37. How do they suppose that the atmosphere is furnidted 
with this hydrogen gas ? 
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Hydrogen is constantly emanating &oni, and is the conse- 
qnenoe of every species of vegetable and animal decay or pntre- 
mction ; and it is also evolved from various mines, volcanoes, 
and other natural sources. 

38. What is the specific grmUy of water f 

A cubic inch of water weighs 252*458 grains at a temperature 
of 62?; a pint measure of water weiglis one pound and a 
quarter avoirdupois : a cubic foot of water weighs nearly 1000 
ounces, or 62| lbs. avoirdupois. It is 815 times heavier than 
atmospheric air. 

39. Whai change ddes water undergo in order to he converted 
into ice t 

The atmosphere, when its temperature is sufficiently low, 
deprives the water of a certain portion of its caloric — crystalli- 
zation tiien ensues, and the li^ater solidifies and becomes ice.^ 

40. What do you mean by crystallization f 

^ crystallization is understood the concretion of certain 
substances into regular forms, occasioned by the loss of a por- 
tion of their caloric. 

41. To what substances is the term v^maJHy applied f 

The term is usually applied to compound bodies of the 
saline kind, and to their separation, in regular and peculiar 
figures, from the water in which they were dissolved. Simple 
substances, however, sUch as many metals, assume crystalHne 
forms. 

42. Ton have said that ice ii the most simple state of water ; 
— do you then imagine that water is nataraUy solid 9 

Yes ; for near the poles it is eternally solid : there it is 
similar te the hardest rocks, and may be formed oy the chisel 
of the statuary, Uke stone. 

43. Is this great sdidity of ice at the poles, owing to its being 
frozen in such large masses f 

The great solidity of ice at the poles is occasioned by the 
very low temperature of the circumambient air ; and in very 
cold countries ice may be ground so fine as to be blown away 
by the wind, and wUl still be ice. 

* It is owing to the expwnsum of water in freezing, that rocks and 
trees are often split during int^ise frosts. According to the calcula- 
tions of the Florentine a^emicians, a spherule of water, only one 
inch in diameter, expands in freezing with a force superior to the 
resistance of 13^ tons weight. 

This property of water is taken advantage of in splittiiig slatd. The 
date is du^ from the quarries in large blocks ; th^e are placed in an 
opposite direction to what they had in the quarry, and the rain is 
allowed to fsSl upon them ; it penetrates their fissures, and the first 
sharp frost freezes tihe water, which, expanding with its usual force, 
Splits the slate into thin layers. 
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44:. Is ice the onli/ irutance of water existing in a state of 
solidity f 

No *; water becomes still more solid in mortar and cements, 
having parted with more of its caloric in that combination 
than it does in the act of freezing.'*' 

45. What other instances are there of water taking a solid form f 
Water is combined in a state of solidity in many crystals, 

spars, gems, and in most alkaline and earthy salts. If water 
De thrown on quick-lime, it will be retained by it with such 
force that nothing less than an intense red heat will separate 
it. In its combination with lime it becomes much more solid 
than when in the state of ice ; which may be proved by direct 
experiment. Calcined plaster of Paris, in a pulverulent state^ 
becomes quickly solid by mixing it witli water. Saussure has 
proved that alumine, when mixed with water, retains a tenth 
of its weight of that fluid at a heat which would melt iron. 

46. WmU are the gevieral and more cibviom aduarUages which 
we derive from water ? 

Water is a necessary beverage for man and other animals ; 
is perpetually used as a solvent for a great variety of solid 
bodies ; acts an important part in conveying nourishment to 
the vegetable world, and giving salubrity to the atmospherical 
regions ; and lastly, by i€ accumulation in the ocean, affords 
a ready communication with distant countries ; — ^the whole of 
which evidently teaches how provident the great Author of 
nature has been in his attentions to the com^rts and conveni- 
ences, as well as to the wants of his numerous creatures. 

47. How is water freed from the impurities suspended in it f 
"By a process of nitration. For this purpose, the water is 

allowed to percolate through filterpaper, through strata of 
gravelly sand, or crushed cinders. Water, employ^ for chenU- 
col purposes, must ^previously 
uadergo distilUttion. Distillation 
consists in separating some sub- 
stance from another, by causing 
it to assume the form of vapour, 
and condensing the vapour in 
a separate vessel, the ot£er sub- 
stance being left behind. The 
apparatus employed for this 
purpose is represented in the 
annexed figure. The water to be purified is boiled in the 

* Thoagh ^(Tater takes a solid form in its variouB combinations, sneh 
as with lime, saline crystale, &g., we know of no method of compressing 
'■"•> when in a fluid state. 
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.retort for a little time in order to expel the gases; the beak 
of the retort is then introduced into the fl^k, caJled a re" 
ceiver. The receiver is kept cool by being placed in a vessel 
of cold water, or by allowing a stream of cold water to fall con- 
tinually upon it. The vapour arising from the boiling water 
is thus condensed, and returns to the liquid state, in the re- 
ceiver ; while the impurities of the water remain behind in 
the retort. Distilled water which does not redden litmus- 
paper, nor give precipitates with muriate of baryta, nitrate of 
silver, or oxalate of ammonia, may be considered fit for all 
ordinary chemical purposes. 




V. SIMPLE NON-METALLIC SUBSTANCES. 

1. What is nitrogen or azotic gas ? 

This gas is chiefly known by its negative properties : it does 
not support animal life ; it extinguishes flame, and it is devoid 
of taste and smell, and something lighter than atmospheric air. 

2. How is this ga^ procured f 

^ If a bell-glass oontaroing atmospheric air be inverted over a 
lighted ta]per, in a vessel containing a little water, as shown in 
the adjoinmg figure, the flame becomes gradu- 
ally more Sm, and is presently extingmshed. 
The greater part of the oxygen of the air is con- 
sumed in supporting the combustion of the 
toper ; the remaining gas is principally nitrogen. 
The effect is rendered more striking, by the _ 

graduskl rising of the water into the Bell-glass, Fig. si. 
in proportion as the oxygen is consumed. If, 
instead of the taper, a paste made of iron filiuj^ and sulphur 
be placed under the bell-glass, on a stand raised above the 
water, the oxygen of the contained air will be gradually dimi- 
mshed, and the water will ascend proportionaoly. The resi- 
due isprincipally nitrogen, as in the former case. 

3. WhcTice are the names nitrogen and azote given to this gas? 
It was formerly called azote, from its not being a supporter 

of respiration. This name is objected to because this property 
is common to many other gases, and it is more generally called 
nitrogen, because it enters into the composition of nitric acid. 

4. Does nitrogen combine with oxygen f 

Tes ; it forms with oxygen five distinct compounds : nitrous 
oxide gas, nitric oxide, hyponitrous acid, nitrous add, and 
nitric acid. In these compounds the oxygen is united with 
the nitrogen in the proportion of 1, 2, 3, 4, and 5 atoms of the 
former to one of the latter. 
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5. h there any other compound of oxygen and nitrogen f 
Yes ; the atmosphere is a compound of oxygen and nitrogen ; 

bat in it these gases are generally considered aa merely me- 
chanically mixed/not chemically combiaed. 

6. Wh<a reason can you give for considering the atmoephere 
€U a mere mixture of these gases f 

This appears probable nrom the &cility with which the twq 
gases can be separated, as is proved in the modes I have given 
for its preparation (2) ; and also that we can form a gps re* 
sembling atmospheric air in all its properties by simple mixture 
of the gajses which compose it. 

7. As we shaU consider the chemical compounds of oxygen 
with nitrogen when we come to speak of the cuiids, we shall at 
present eivter on the consideration of the properties of the aitmO" 
sphere ; can you teU me its composition ? 

The atmosphere consists of oxygen and nitrogen gases mixed 
together in the proportion of 20 parts of the former to 80 of the 
latter ; it also always contains a minute portion of carbonic add. 

8. What means have we of analyzing atmospheric air f 
There are various methods, wmch all aim at the one object, 

namely, to deprive it of its oxygen and carbonic acid. Various 
modes of a/nalysis are practised in order to ascertain the quan- 
tity of nitrogen or of oxygen contained in the atmosjmere. 
This inquiry constitutes the subject of JEudiometry, a term 
which denotes the measuring of the quality of the atmosphere. 
For this purpose, substances are employed which will absorb or 
consume all the oxygen of a confined portion of air, care being 
taken to employ a substance which will not mix with, or alter, 
the volume of the nitrogen. 1. In Achard's Eudiometer^ this 
effect is produced by the slow combustion 
of phosphorus, A graduated glass tube 
a 6 is blown at one end into a bulb c, into 
which small pieces of phosphorus are in- 
troduced, in the proportion of one-third 
of a grain of phosphorus to one cubic 
inch of atmospheric air ; the remainder 
of the tube is nlled with mercury, and its 
open extremity is immersed in a jar filled 
with the same metal. The oxioiation of 
the phosphorus is increased by heating 
the bulb by the flame of a candle. The 
oxygen of the atmospheric air in the tube 
unites with the phosphorus, leaving a 
re£iidue of nitrogen ; by comparing uiis 
with the volume of atmospheric air em- 
ployed in the experiment, the relative quantities of the con- 




fig. 83. 
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stituent gases tM^ detomuned ; the oompanson always iudl- 
cates ^ or 21 per cent, of oxygen. 

9. How may we deprive it of carionic add f 

By agitating a portion of air with lime water or a solution 
of pure potash, we deprive it of the whole of its carbonic acidl 

10. Is hydrogen gas ever employed to analyze air ? 

Yes ; tms gas is most valuable for the purposes of eudiome- 
try, as was firat pointed out by tbe celebrated Volti^ who in- 
vented an instrument for this purpose. His eudio- 
meter consists of a strong graauated glass tube a $, 
closed at its extremity a, and open at^, having two 
wires c d fixed into its sides and cominff within a 
short distance of each other, by means of which an 
electric spark may be passed through the gas con- 
tained in the tube, 

11. How u hydrogen gas employed in this insfrur 
mentf 

I have already mentioned (sea iv. 26) that oxygen 
and hydrogen gases combine in the proportion of 
one volume of oxjnjen to two volumes of nydrogen 
to form water. JCiow, from knowing this we can at once an- 
alyze atmospheric air by means of hydrogen gas ; for if we 
mix 100 parts of this air with 40 parts of hydrogen, and pass 
an electric spark through the mixture (by applying the wire 
a to the conauctor of an electrical maclune, and the finger to 
the wire h\ the mixture will explode, and 80 measures will 
remain, which, on examination, we find to consist of nitrogen, 
and of course the 20 piui» which have disappeared are oxygen, 
which has combined with the hydrogen to form water, 

VL Having now explained the chemical properties of the aifa¥h 
s^here^ vfill you mention what are its general properties f 

Its general properties are fluidity, elasticity, expansibility, 
and gravity. 

13. What do Tfou m^ean hy the elasticity of the air f 

If atmospheric air be compressed into a small compass, it 
has the property of recovering its former state as soon as the 
pressure is removed ; which is called its elasticity.^ 

14. How do you show the elasticity of the air f 

If a bladder be tied up with a very small quantity of air 
within it, and put under the receiver of an air pump, it will be 
seen to inflate gradually as the pump is exhausted, till it be- 
comes of its fuU size ; owing to the elasticity of the small quan- 
tity of air within the Uadder, which dilates as the atmo- 

* The rebounding of a oosunon foot-hall iUustiateB the elastioity 
of air. 
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spheric pressure is removed. A wrinkled apple plaoed under 
' tne receiver of an air pump becomes plump and smooth, from 
the same cause. The elasticity of the air is proved by carry- 
ing a bladder half full of air to the top of a high mountain ; for 
the air will be perceived to expand gradually as we approach 
the summit. 

16. What is mecmt by the expandbiUty of the air ? 

The expansibility of the air is its property of being rarefied 
by heat, so as to occupy a larger space, its bulk increasing in 
proportion to the quantity of heat applied.* 

16. Howfa/r does the aJtmosfphere extendi 

The atmosphere is several miles high, but how fSr it extends 
is not exactly known.+ 

17. Whai are the principal uses of the atmosphere ? 

The atmosphere, which is the air we breathe, is necessary 
for the support both of animal and vegetable life ; it is the 
medium of sounds, for they are produced by its vibrations. 
Without an atmosphere we should, the moment of sunset, be 
plunged into perfect darkness, and have no gradual approach 
of day at sunrise, but an instant change from total (wkness 
to bright daylight ; there are many o&er uses of the atmo- 
sphere too obvious to require enumeration.:!^ 

18. Bttt what is the vse of the atmosphere being extended so 
far above the smface of the ea/rth ? 

It is this extension of the atmosphere which occasions its 
weight ; and this great weight produces many important effects 
in the economy of nature. 

19. How can you show the pressure of the atmosphere ? 

The pressure of the atmosphere may be shown by a simple 
experiment. Place a card on a wine-glass fUed with water ; 
then invert the glass, and the water will not escape ; tlie pres- 
sure of the atmosphere on the outside of the card being suffi- 
cient to support the water. It is the pressure of the air which 
enables the limpet to adhere firmly to the surface of rocks^ and 

* 11 the neck of a bladder, containing a gmall quantity of air, be 
closely tied up and held to the fire, the swelling of tne bladder, by the 
rarefaction of the air within it, will afford an idea of the ea^^nsUnlUy 
of the air. 

f The atmosphere, estimated by the length of our twilight, is sup- 
posed to be about forty-five miles high. Ji we had no atmosphere, 
we should be in total darkness at the instant the sun sinks below the 
horizon; but as the sun illuminates the atmosphere for some time 
before it rises and after it has set, the light is refracted by the atmoB- 
phere to the earth. 

£ I* «t<> the presence of air that water is indebted for its agreeable 
taste. Boiling deprives it of the greater part of it ; hence the insipidity 
of boiled water. « i- > *' v 
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wMch acts in supporting the colnmn of mercuiy in the baro- 
meter. 

30, What are the effects of the weight of the atmosphere f 

It is owing to the weight of the atmosphere that we are en- 
abled to raise water by the common (suction) pump,^ and to 
p^orm many other useful operations. 

21. What other advarUages do we derive from this extension 
of the atmosphere f 

K we had little or no atmosDhere, we should have no water ; 
for the waters on the j&oe of tne earth would all evaporate at 
a very low temperature. It has been mentioned in the Chap- 
ter on Heat) that the boiling point varies with the atmospheric 
pressure^ (iL q. 54). We may nere adduce the following experi- 
ment in proof of this &ct. If we take a mattraas, or a oom« 

* For this to be understood, it vniil be necessary to give a desoiiptlon 
of the common pump and its mode of action* l&e common pump con- 
sists of a lon^ tube or barrel, called the 
pump-log, which reaches from a few feet 
above the ground to near the bottom of the 
welL At A, Fig. 23, is a valve, opening 
upwards, called tiie pump-dox. When the 
pump is not in action, this is always shut. 
The piston B has an aperture through it 
which is closed by a valve, also opening 
upwards. By the pupil who has learned 
Tniat has been explained imder the articles 
air-pump and barombter, the action of this 
macnine will be readily understood. Sup- 
pose the piston B to be down to A, then on 
oepressing the lever C, a vacuxmi would be 
formed between A and B, did not the water 
in the well rise, in consequence of the pres- 
sure of the atmosphere on that around the 
pum]p-log in the well, and take the ^lace of 
the air thus removed. Then, on raising the 
end of the lever, the valve A doses, beciause 
the water is forced upon i% in consequence 
of the descent of the piston, and, at the same 
time, the valve in the piston B opens, and I'ig* 28. 

the water, which cannot descend, now passes * 

above the valve B. Next, on raising the piston, by again depressing 
the lever, this portion of the water is lifted up to !B, or a little above 
it, while another portion rushes through the valve A to fill its place. 
After a few strokes of the lever, the space from the piston B to the 
apout is filled with the water, where, on continuing to work the l^ver, 
it is discharged in a constant stream. Although, in common l anguage^ 
this is called the suction pump, still it will be observed, that the water 
is elevated by auction, or, in more philo6oi>hical terms, by atmospherio 
pzeesuze, only above the valve A, after which it is raised by liftmg up 
to the spout. The water, therefore, is pressed into the pump-barrel by 
the atmosphere, and thrown out by lif bmg. 
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mon soda -water bottle, and liaving half filled it wiili water, 
cause it to boil, and suddenly remove it from the fire and ooik 
it tightly, the water will contintie boiling for some time after 
it has been removed from the fire ; if, when the ebnllition has 
ceased, we ponr cold water over the upper part of the mattress^ 
the boiling will recommence ; the reason of this strange phe- 
nomenon is, that the pressure of the atmosphere is prevaited 
bv corking the vessel, and the upper part of it is filled onlv 
with the steam of water, which, by pressing on the surface of 
the water, prevents the ebuUition, but being condensed by 
pouring cold water on the mattrass, the pressure of this steam 
IS removed, and the water boils under the diminished pressure. 

22. Sow are waters and other fluids preserved to us by the 
'tioehht of the atmosphere f 

The weig^ht of the atmosphere pressing on the water binds 
it down, as it were, and prevents the usual heat of the sun firom 
converting this and all other fluids on the face of the earth in- 
to vapour. 

23. WhcKt is the weight of the iOmosphetef 

It is about 1600 pounds upon every square foot. A column 
of air an in^ch square weighs about 15 pounds. 

24. How do you prove this f 

The mercury in a barometer is supported by a column of 
atmospheric air equal to itsdf in weight, and a column of mer- 
cury of an inch square and 30*5 inches high, weighs about 15 
pounds. Water can also be raised in a pump 33 feet by the 
pressure of the atmosphere, which gives this pressure equal to 
15 pounds on the square inch. 

25. Whai other advantages do we derive from this immense 
atmosphere f 

The atmosphere not only moderates the temperature of the 
earth, and serves to render cradual the changes from light to 
darkness, by its refraction of the sun's rays, but it also reflects 
those rays so as to give a lucid brightness to every part of the 
heavens, and serves to render the earth better adapted to the 
necessities of man, by being the means of difliisin^ moisture in 
the form of rain and dew over all its sur&ce. If uiere were no 
atmosphere surrounding the earth, only that part of the faky 
would appear li^ht in which the sun was placed ; and if a per- 
son should turn nis back to the sun, he would directly perceive 
it as dark as night ; for in that case there would be no sub- 
stance to reflect the rays of the sun to his eyes. It is owing 
to reflection, as well as refraction, that the sun enlightens the 
earth some time before it rises, and some time after it sets. 

26. What other sfubstances are found in atmospheric air f 
Besides carbonic acid gas, the air holds a portion of water in 



THE ATMOSFHEfiE. 51 

solution ; and sometimes contains hydrogen and earburetted 
hydrogen gases. 

27. What are the s(mrcea of these acuea f 

Carbonic acid gas is constantly &rmed by the respiration of 
animals and by combustion; and hydrogen and oarburetted 
hydrogen gases arise from iraiious sources, particularly from 
marshes, stagnant pools, &o., all which are prejudicial to ^e 
animal creation. 

28. j^oa^onto add goA and ca/rbureUed hydrogen are pre- 
judicUd to animal life, how are they corrected in the aimo$pheref 

These gases, which would cause the death of any animal 
obliged to breathe them, are probably of use for the support of 
vegetables, which nature has endowed with organs £t for their 
decomposition. 

29. Tou ham mentioned thai nitrogen gas wiU not support 
animalli^e; what is the tue of so large a quantity of it in cttmo- 
8pherioair} 

Nitrog^i gas has the e£fect of neutraliEin^, in some measure, 
the properties of ozrgen gas, and rendearing it fit for respiration 
and combustion. It prevents the rapid combustion of burning 
bodies, which we have shown would take place in an atmo- 
sphere composed of pure oxygen, and moderates the action 
which this gas would have on organized beings ; it also, pro- 
bably, performs an important part in the production of annual 
substances, though we have not yet been able to investigate 
the mode in which it acts. 

30. Sow does the oxygen of the air aet in supporting life 9 
Oxygen seems essentm to the performance of the function 

of respiration. '"The internal surfiboe of the lungs or air 
vessels in man, is said to be equal to the external surface of 
the whole body : it is on this extended surface that the blood 
is exposed, through the medium of a thin membrane, to the 
influence of the respired air, which undergoes a remarkable 
change in the lungs, the oxygen of inspired air being replaced 
in the air when expired by carbonic acid gas." * 

31. Does the oxygen of the air seem necessary for other Uving 
heiiMs besides men r 

T?es ; both animals and plants require the presence of this 
element for their existence; even fishes require oxygen for 
their support : this they obtaon from the water in wmch they 

* '' The blood is purple when it arriveB at the lungs ; but having 
th«re thrown off hydrogen and charcoal, it imbibes the vital air of the 
atmosphere, which changes its dark colour to a brilliant red, rendering 
it the spur to the action of the heart and arteries, the source of animal 
heat, and the cause of sensibility, irritability, and motion," — Tlwmr 
ton's Philosophy of Medicine, 
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live, which always contains a considerable quantity of air dis- 
solved in it. 

32. What is the catue of animal heat f 

Different theories have been proposed to explain it ; soine 
have supposed that a low defi^ree of combustion takes place in 
the surtaoe of tiie lungs, owing to the union of the oxjsen of 
the air with the carbon of the blood ; others believe tnat it 
arises from the change of form of the gas absorbed by the lungs, 
which gives out its hitent heat ; there is, however, no satlsfisu^ 
tory theory, as yet, established to explain the cause of vital 
heat. 

33. How do dothes coriduce to preserve the heat of the body f 
As the temperature of the atmosphere in this dimate is always 

below the animal temperature, clothes are necessary to prevent 
the sudden escape of the heat from the surface of the body. 
We dothe ourselves with wool, because it is a bad conductor 
of heat^ and retards its escape'from the body. The inhabitants 
of Hussia dothe themsdves in fur, because fur is still a worse 
conductor of heat than wooL Sheep are natives of a temperate 
climate, but the bear and the ermine of the coldest. 

34. What provision has nature made for restoring the vast 
qftantity of oxygen which respiration and combustion are per- 
petually taking from the atmosphere f 

The leaves* of trees and other vegetables give out during 
the day a large portion of oxygen gas, which, uniting with the 
nitrogen gas thrown off by animal respiration, keeps up the 
equilibrium^ and preserves the salubrity of the atmosphere. 
All the oxygen is not given out by plants ; part must be re- 
tained to form the sugar and adds which are found in v^e- 
tables. 

* The upper side of the leaf is the organ of respiration ; henoe some 
vegetables (as they give out ozTgen omv in the day) dose the upper 
sumces of their leaves during tiie night. The mnltiplidly^ of the 
leaves of trees, &c., indicates the impoitance of the transpiration to a 
vegetable. 

To show the production of oxygen gas from the leaves of plants, fill 
a glass bell with water, introduce leaves under it, and place the bell 
inverted in a flat diah of water. Expose the apparatus to the rays of 
the sun, and very- pure oxygen gas wQl be disengaged, which will dis- 
place the water in the jar, and occupy its place. In like manner, a 
sprig of mint, corked up with a small portion of carbonic add air, and 
placed in the light, renders it again capable of supporting life. In 
bright sun-light a plant is capable of living in oarbomo add gas, thou^ 
ui the shade a very small proportion of tins gas is found to be picqu- 
diGial to vegetation. 
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VI. SIMPLE NON-METALLIC SUBSTANCES. 

1. Homng considered the properties of the simple substomces 
which support combustion, we mctjH next proceed to those which 
exist in the solid stcUe, which do not possess the eharacters of 
metals, and are'comlmstible and capable of union with ox^gen^ 
uniting to this sulstance with the extrication of hecEt and lights 
oanj/ou enuTnerate these substances f 

Tne simple non-metallic substances of this dass are sulphur, 
selenium, boron, phosphorus, carbon. 

2. How are these bodies tkctricaUy related with those already 
conMderedf 

It is found that oxygen, chlorine, iodine, and brol^oine, when 
in combination -with any of these bodies, appear at the positiire 
end of the Voltaic battery ; hydrogen, phosphorus, sulphur, &a, 
appearing at the opposite or negative pole. Tlie former of 
these are therefore called electro-negative, and the latter elec- 
tro-positive bodies, being supposed to possess electricities the 
opposite of the poles at whidi they appear. 

3. Whai is siUphur f 

Sulphur, or brimstone, as it is sometimes called, is a solid 
substance, of a pale yellow colour, insoluble in water, very 
brittle, and with but little taste or smelL Its specific ^vity 
is 1*990, or nearly twice as heavy as water. It has various 
uses in medicine and the arts ; it is a non-conductor of elec- 
tricity ; when newly melted it is transparent ; it fuses at the 
temperature of 216, and by a higher temperature may be con- 
verted into vapour.* 

4. Whai is the origin of sful/phur ? 

Sulphur is found in most parts of the world combined with 
metals, from which it is procured by roasting ; it is found 
abundantly in the neighbourhood of volcanoes, especially in 
Sicily ; it is sublimed from the sulphureous 
grounds in Italy, and is found m many Q 

mineral waters, combined with hydrogen. j_ „ ^S 

5. What is the process hy which sfijJjphv/r is, ^' ' yja^ 

9ublim£d f yx \L"^\ 

It is sublimed in a vessel called an alembic. //^ )" *"l 

This apparatus consists of a body 5, to which jy^ j \ 

is fittedf a head a of a conical shape, having ^ I i \ 

its base depressed lower than the neck of the I I 

body, so that the vapours which rise, and \^^ 
condense upon its sides, run down into the 

* When Bulphnr is heated strongly, -without contact of air, it rises 
in elastic vapour ; and this vapour, on cooling, forms the flowers of 
Bcdphur, or sulphur in a state of minute division. 
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Circular channel formed by its depressed parti and are thence 
conveyed by the nose or' beak into a receiver. The sulphur is 
put into the lower part b. The alembic is then placed in a vessel 
(tf sand, called Asand^aik, and th!iB is heated bya furnace. By 
means of the sand-bothi the sulphur is fiised more gradually 
and equably than by placing it directly over a fire. When 
sufficiency heated, the sulphur rises in the form of a tiiick, 
white vapour, and condenses on the sides of the head in the 
form of a fine yellow crystaUine powder, ccMnmonly called 
JUnoers ofsulphtMr; &om the minuteness of its partides it is 
sometimes omeA flour of sulphur. On washing this substance 
several times witn water, pure sulphur is obtamed. 
,6. ff(i8 eu^hfir any remarkctMe prtjpertv whe^ 
' If sulphur be melted in an open vessel^ by increase of heat 
it beoomes thick, and has t^e peculiar property of becoming 
thinner as it cools, till it is nearly as thin as water. This is 
an exception to the general law, by which caloric causes the 
particles of bodies to recede from each other. 

7. What compounds are formed by means cf sulphur f 
Sulphur combiaes with oxygen, hydrogen, nitrogei^ tiie 

alkalies, the metals, some of the earths, phosphorus, canxm, &e. 

8. what are ^ com^fourids of svJl^^ 

If sulphur be heated sufficiently m oxygen gas, it tskkes fire ; 
it bums with a pale blue flame, and becomes converted to sul- 
phurous add. By burning sulphur with nitre (nitrate of 
Sotash) in vessels moistened with water, sulphuric acid is pro- 
uced : these adds differ in the fonner containing less oxygen 
than the latter — 16 parts of sulphur combining with 16 oxygen 
to form sulphurous add, and with 24 oxygen to form sulphuric 
acid. 

9. How is the sulphuric add of commerce prepared ? 

It is prepared by burning sulphur, previously mixed with. 
other materials, in dose chambers made of sheet lead. The 
subjoined figure, copied from Mr. Graham's Elements of 
Chemistry, presents one of the most approved forms of the 
apparatus employed for this piirpose, and affords an interesting 
illustration of chemical operation upon a large sctde. 




Fig. 85. 



In this figure, a represents a water boiler, with ite fomaoe 
for supplying the chamber with steamj 5 is a section of & 
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small furnace, called the burner, upon the floor of which the 
sulphur bums, and m which there is a tripod supporting an 
iron capsule, containing the materials for nitric acid, viz., oil of 
vitriol, and nitre or nitrate of soda. As the sulphur bums, it 
forms sulphurous acid vapours ; and the heat of Ihe burning 
sulphur separates nitric acid &om the materials in tbe capsule ; 
the two acids are thus mixed together, and are carried forwu^l 
by the tube represented in the figure into the leaden chiunber, 
where they meet with the steam, also introduced near the same 
place from the water boiler. The nitric acid yields oxyoen to 
the sulphurous acid ; the former, consequently, passes mto a 
lower state of oxidation, while the latter passes ^into a higher 
state ; in other words, the nitric add becomes peroxide of mtro- 
een, while the sulphurous acid becomes sulphuric acid. The 
leaden chamber is 72 feet in length by 14 in breadth, and 10 
in height, and is divided into oompartoients by leaden parti- 
tions placed across it, two of which a and/ are suspended from 
the roo^ and reach to within six inches of the floor, while 
the oentxe one e is flxed in the floor, and rises to within six 
inches of the roof. The gases which are unoondensed in the 
process pass off bya conduit tube g, which communicates with 
a tall chimney. The partitions serve to detain the vapours, 
and regulate their passage through the chamber, so that the 
sulphuric acid may be deposited before the vapours reach the 
conduit tube. A continuous current of air is transmitted 
through the chamber, in order to support the combustion un- 
interruptedly. The introduction of the steam supersedes the 
necessi^ of covering the floor with water previously to com- 
mencing the process. The acid thus prepared, is feather con- 
centrated in open leaden pans till it begins to act upon the 
metal, and afterwards in retorts of platinum or glass. It still 
retains small quantities of nitrous add and sulphate of lead, 
which may be removed by dilution with water and a second 
distillation. The add is men in its most concentrated state, 
and consists of one atom of add and one of water, the latter of 
which cannot be separated by heat. This is the oil of viiriol 
of oonmieroe. Its specific gravity never exceeds 1*850. 

10. What is the nature of the oompownd of hffdrogen and 
sidphurf 

Sulphur united with this gas fanoB sulphuretted hydrogen 
gas, a colourless elastic fluid, of a very strong and disagceeaole 
odour,* resembling that of putrefying eggs, which, in uici^ owe 
their odour to the emission of this gas. It is very injunous 

* The fetid smell which ariseB from honse-diaiiiB is owiiig, in a great 
meaeare, to a miztare of this gas with other putrid effluvia. 
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to animal life: birds perish in an atmosphere containing 
1-1500^, a dog in air containing 1-800^1^, and a honfe in air 
containing 1-250^1*, of its volume of this gas. ' 

11. Saw do we procure this gas f 

•if we introdnce into a retort sulphnret of iron, and ponr 
diluted muriatic add upon it, sulphuretted hydrogen gas will 
be disengaged in abundance, and may be receiyea in proper 
vessels, in the same manner as chlorine.— (Sect. iv. 11). 

12. Who^ is this gas diiefly used for? 

Sidphuretted hydrogen is a very valuable test for metals. 
The method employed for this purpose is very simple^ and is 
illustrated in the adjoining figure. 
The materials for forming the gas may 
be introduced into a fl^k, fimiished 
with a bent tube; the metal to be 
tested is dissolved by means of nitric 
add, and the solution ;-placed [in a 
glass. The tube is dipped into the 
glass, and the gas passes mto the solu- 
tion. If the metal be lead, the solu- 
tion becomes black ; if arsenic, ydlow ; 
if antimony, reo?; if zinc, irAtto. Sul- 
phuretted hydrogen blackens solutions 
of many metals bssides lead ; but these 
may be distinguished from eadi other 
by various t^ts. Sulphuretted hy- 
drogen is a re-acent of frequent appli- 
cation, and is of considerable importance. A solution of finil- 
phuretted hydrogen in water, may be often advantageously 
used for testing metals, instead of the gas itself. 

13. Whal a/re the chamcteristics of sulphttretted hydrogen gas f 
Sulphuretted hydrogen gas possesses aU the characters of an 

add ; it has an add reaction, combines with earths, alkalies, 
and with several of the metallic oxides ; and forms with them 
those substances called hydro-sulphurets. It is combustible, 
and bums in contact with oxygen, with a pale blue flame ; 
when set on fire at the mouth of a jar there is a deposition of 
sulphur on the sides of the vesseL 

14. What a/re the properties of the hyd/ro-vulphwrets ? 

The hydroHSulphurets are soluble in water, and their solutions 
predpitate the metallic oxides from solutions in adds. Expos- 
ure to the air decomposes these hydro-sulphurets when dis- 
solved in water. 

15. VnuU is the composition tfstdphturetted hydrogen f 

It consists of 16 parts by weight, or one atom of sulphur, 
and one part by weight, or one atom of hydrogen. 




Fig. 86. 
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16. What are the compounds of sulphur and the alhcdics f 
Snlpliur, heated -witn potash, -with soda, and the eartlir^ 

forms compounds with their metallic bases by displacing the 
oxygen. Similar compounds may. be formed by heating to- 
getiier sulphur and potassium, sodium, or any of the metallic 
bases of line alkalies or earths, and tJiese sulphurets are de- 
composed by the acids ; their bases being oxidized, combining 
■with the adds, and sulphuretted hydrogen gas being disen- 
gaged. 

17. What a/re the gefnertd chcuraeterioics <jfthe alkalin$ and 
earthy sfulphv/rete f 

They are hard substances of a brown colour, resembling the 
liver of animals ; they absorb water &om the atmosphere, and 
emit a fetid odour, similar to that of putrid eggs. By the 
action of adds, most of them are decomposed, sulphuretted 
hydrog^ gas being disengaged. 

18. what knowtedae have we acquired of the eombinathns ef 
eu^hur yfith the earths and metals f 

Sulphur may be combined artificially with most of the 
metals, and with some earths ; ,but many of the metallic sul- 
phurets are found native in great abundanca 

19. How mav snk>hur and carbon be made to combine f 
Sulphur ana carbon may be made to combine by transmit- 
ting the vapour of sulphur over fragments of charcoal, by the 
following process. — ^Small pieces of charcoal are placed in an 
earthen tube of about an inch and a half in dijixaeter. To one 

Fig. 97. 




end of this earthen tube is adapted a glass tube filled with 
small pieces of sulphur, which may be pushed forward by 
means of a wire passing air-tight through a cork. To the other 
end of the earthen tube is fixed a bent tube of ^lass, which ter- 
minates below the surface of some water contamed in a bottle. 
The earthen tube is then inclined across the fiame of a chafing 
dish, until it becomes red-hot, when the sulphur must be pushed 
forward and brought in contact with the ignited charcoal 
Bubbles of gas immediately escape under the water in the 
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bottd, and a yapour appears, which will condense toider the 
water into a liquid, Tiu» is oistdpituret of carbon, mixed with 
water, which may be separated m>m it by distillation in a re- 
tort containing a little chloride of caldiun, a substance which 
absorbs water y^ rapidly. £isul|phuret of carbon is very in- 
flammable, and kindles in the open air at a temperature scarcely 
above that at which mereory boils. With ozysen gas, it forms 
an explosive mixture. It is exceedingly volatile, and mar 
hence oe employed for prodncing intense cold. It has an add, 
pungent, ana somewhat aromatio taste, and a very £dtid odour. 
It is remarkable for its high refractive power. 

19. What is idenium f 

It is a solid opaque substance of a dark brownish colour, in 
many of its chemiiau properties resembling sulphur, with which 
it is frequently found in combination } at the temperature of 
boiling water it becomes soft, and may be drawn into threads 
whidi transmit a red li^ht ; at a higher temperatme ik is con- 
vorted into vapour ; it is also combustible. 

90. How may we r0cognm ddenium f 

It tinses the flame of the blow-pipe of a pale blue colour, 
and produces by oombustion an acid naving a smell of horse- 
radish. 

SI. Does idenipm comlKm with osvgen F 

Selenium forms two adds, the selenious and selenic adds^ 
by union with oxygen gas ; it also forms an oxide of selenium. 
Selenic acid resembles sulphuric acid in its strong attraction 
for water, and united with it dissolves most metals ; even gold, 
which resists the action of most acids, dissolves in selenic 
acid. 

2% Is there any other compound of sdent/wm known f 

Yes ; Berzelius, the discoverer of selenium, has described a 
compound it forms with hydrogen, possessing the most noxious 
and poisonous properties. The selenuretted hydrogen, the 
minutest portion of which inhaled, produces the most injurious 
effects on the lungs, &a 

23. Whai is boron f 

Boron is the base of the boradc add, whidi exists in the 
well-known salt borax ; it may be procured by decomposing 
boracic add by means of potassium, when we obtain it as a 
chocolate-coloured powder, without taste or smell, and unalter^ 
able by exposure to air ; at a high temperature it bums in air 
or oxygen gas, and forms boradc acid ; it is insoluble in water, 
and about twice the spnecific gravity of that fluid. 

24 What is the origin of phosphortis f 

Phosphorus is a peculiar substance, chiefly erf animal origin. 
't was formerly obtained from urine, by a long and tedious 
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procees ; bnt is now procured by the decomposition of tiie 
phosphoric acid which Is tormd in bones. 

26. Whaiisthenaiureofphoiphormi 

PhosphoniB is a solid inflammable substance^ of a white 
colour, soft and flexible when slightly warm, whidi boms at 4 
lower temperature, when in contact with atmofipheric air, than 
any other combusmble substance ; and, when combined with 
oxygen, forms peculiar acids. Its specific gravity is rather 
more than twice that of water* It is highly poisonous when 
taken internally. 

26. What compounds arej^ormed ly means ofphotphorus f 
Phosphorus may be combined with oxygen^ nydrogen, iodine, 

sulphur, and with many of the metals. 

27. Whai is the nodure qf these compounds f 

With oxygen, phosphorus forms an oxide of phosphorus, 
also the phosphorus and the phosphoric adds ; ^ with hydrogen^ 
phoephuretted hydrogen gas ; with sulphur, sulphuret of phos- 
phorus; with chlorine, chloride of phoi^horusi with the 
metals, metallic phosphuret^.^ 

28. Wua is the wOwre of the oombinctHon of h^drogeti and 
phosphorus? 

Hydrogen gas when combined with phosphorus forms je»A(m- 
phwetted hyiSrogen, gas. This gas has the remarkable property 
of taking fire spcmtaneously whenever it comes in conUct wi^ 
atmospheric air. 

29. How can we prepare this gas? 

Phosphuretted hydrogen gas maybe formed by boiling a 
little phosphorus in a solution of pure potash in a green glass 
retort. The water is decomposed, and furnishes the hydrogen. 
The retort should be nearly filled with the solution, otherwise 
the gas will inflame in the body of the retort, and probably 
break the vessel ; it may also be produced by using fresh daked 
lime instead of potash, or by heating pho^huret of calcium in 
water. The gas, as thus procured, takes vxq spontaneously on 
exposure to l£e air, or to oxygen 
gas. Ifthe beak of the retort m)m 
which it issues be plunged imder 
water, so that bubbles may rise 
successively through the liquid, a 
very beautiM phenomenon takes 
place. Each bubble, on reaching 
the surfiioe of the water, bursts 
into flame, and forms a ring of Ee 38. - 

* The natioe of these oempoundBlrill be explained in thecbapier 
on the acids. 
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dense white smoke, which enlarges as it ascends, aind retains its 
shape, if the air is tranquil, until it disappears. If the gas be 
received into a vessel of oxygen, the entrance of each bubble 
is instantly followed b^ a strong concussion, and a flash of 
white hght of extreme mtensity. 

30. What 18 carbon? 

Carbon is the base of common charcoal, divested of all imr- 
purities. 

31. What is the most striking projoerttf of pure carbon f 
Carbon is capable of cr^rstaJlization, though not by art^ and 

in that state it is called diamond,* 

32. What is the origin of carbon f 

Carbon in a state of purity is known only in the diamond ; 
but it may be procured in the state of charcoal by burning a 
piece of wood, covered with sand, in a crucible. 

33. What compounds a/reformed by meanti of carbon? 
Carbon combmes with oxygen, hydrogen, nitrogen, salphnr^ 

or pho^iorus, and with iron. 

34. What is the nature of these compounds f 

Carbon combined with different proportions of oxygen forms 
carbonic oxide, or carbonic acid gases; with hydrogen^ car- 
buretted hydrogen gas, bicarburetted hydrogen, &c. ; with 
nitrogen, cyanogen gas ; with sulphur, siuphuret of carbon ; 
with phosphorus, phosphuret of carbon ; and with iron, plum- 
bago, or carburet of iron. 

35. What are the characters and appearances of charcoal? 
Charcoal is generally black, sonorous, and brittle, very light, 

and destitute of taste or smelL It is procured whenever we 
bum animal or vegetable substances in dose vessels without 
contact of air. t 

36. What are the properties of charcoal ? 

Charcoal is a powerful antiseptic ; % has great affinity for oxy- 
gen ; is unalterable and indestructible by age ; and, if air and 
moisture be excluded, is not affected by the most intense heat 

* Mr. Tennant has satisfiMstorily ahown that the diamond is pore 
oarbom carbon cTyBtallized.^^ee Phil. Trans, for 1797. The diamond 
is the hardest substance in nature, and one of its rarest productionB. 
iFrom its hardneBH^ it is employed im sa^nng and boring the hardest 
stones. 

f CharcoaL for common purposes, is made by disposing wood in 
heaps rmlariy arranged, and covered with earth, so as to prevent tlie 
access of any more air than is absolutely necessary to support the fixe, 
which is kqyt up till all the water and oil are driven off, after which 
the fire is extinguished by shutting up all the air-holes. 

t Putrid water is immediately deprived of its offensive smell by char- 
coal. Meat, which is only a little tainted with putridity, may at once 
be made sweet by charooaL 
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37. To what rises is charcoal applied 9 

Charcoal is used in large qnantities in making gonpowder ; 
it is employed as an antiseptic in purifying rancid oils, &c. ; in 
decomposing the sulphuric acid, and for many other purposes, 
by the chemist and the manufacturer. 

38. What other properties has carbon f 

Carbon has the property of de-oxidizing the oxides of metals 
and other combustible substances, and of uniting with their 
oxygen to form carbonic acid. 

39. Does carbon, enter into any other comMnatums f 
Carbon is formed abundantly in nature, forming the basis 

of coal and bitumen, and forming vegetable and animal sub- 
stances. 

40. Does carbon enter into combination with oxygen f 

Yes ; it forms two compounds with oxygen, carbonic acid, and 
carbonic oxide gases ; the former of these is formed whenever 
charcoal is burned in contact with oxygen gas. K we intro- 
duce into a bottle filled with oxygen gas a piece of lighted 
charcoal, it wiU bum with increased brilliancy, and we shaU 
find the oxygen has disappeared, and aheavy gas, which extin- 
guishes flame and has acid properties, remains in the bottle ; 
this is carbonic acid gas ;^ and consists of 6 parts by weight, 
or 1 atom of carbon united to 2 atoms of oxygen, or 16 parts 
by weight. Carbonic oxide is formed by decompounding caiv 
bonic acid by means of some substance which will take away 
one of the atoms of oxygen : f this gas is not an acid, and is 
combustible, which properties at once distinguish it from car- 
bonic acid. 

41. What is the nature of the combinations of hydrogen with 
carbon ? 

The most important compounds of hydrogen and carbon are 
carburetted hydrogen and defiant gas. The first of these is 
abundantly found in coal mines. In hot weather this gas is 
formed at the bottom of stagnant pools, and may be readily 
collected at their sur&ce, by suspending a bottle of water over 
the pool, similar to the decanting of gases over a pneumatic 
trough, and stirring up the mud to disengage the carburetted 
hydrogen. It is found to consist of two parts by weight of 
hydrogen and six of carbon. 

42. How is olejiant gas procured f 

By the action of sulphuric acid on spirit of wine; if these 

* The ]^ropertie8 of this will be more folly explained in the section 
on the acids. 

t This may be done by heating to redoess powdered chalk with iron 
filings^ the carbonio acid of the chaUc is decompoeed, and carboxiic 
oxide IB set free. 
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flmck are heated toother, a laige qiiaBtity of gas is disengaged 
whi(^ may be received in jars over water : it is cbanusterized 
by its boming with a more brilliant light than oarbnretted 
hydroffen^ owmg to its ccmtaining a larger quantity of oarbon 
than mis gas. 

43. Wlua are the gases tiaed for the fmrpaies<fiilumin(ahnf 
The gases procured from cool, lesin^ or oil, are all supposed 

to be mixtures of these two gases, the brilliancy of their light 
being proportional to the quantity of defiant gas whidi they 
contain. 

44. What %ath9 use of eai^on in ^vegetable kingdom f 
Carbon is not only a component part^ bnt forms nearly the 

whole of the solid basis of all vegetableef, from the flower of 
the garden to the oak of the forest 

45. J^ eaH>on forms so large a part of aU mgokUtHeSy Vfhat 
occasions thoU if^tte variety whuA toe observe in the vegetable 
creation F 

We are in a great measure strangers to the economy of 
▼egetables ; but much of this variety may be attributed to the 
different modifications of carbon, as well as of the other prin- 
ciples which enter into their constitution. 

46. What products cf vegetation are there whi^ are indebted 
to carbon for their formation f 

Carbon not only constitutes the base of the woodv fibre, but 
is a component part of sugar, and of all kinds of -wax^ oils^ 
gums, and resins, of which there are many varieties. 

47. How a/re these vubskmces form^ by the vegetating organs 
qf plants F 

All living vegetebles have the power of decomposing water, 
and of combining in different proportions the h^curogen of the 
water with the carbon of the soil, as well as with that of the 
carbonic add of the atmosphere, to form the nimiberless pro- 
ductions of vegetable nature. 

48. If carbon and hydrogen enter into the eonuposition of all 
these swstances, how is it t/tat one vegetMe afforJu gwn^ another 
resin, another oU, dsc. f 

The infinite variety which there must be in the internal 
organization of v^etables, to enable different orders to prepare 
such different substances from the same elements, renders this 
subject too intricate and minute for our investigation. 

4^. 7« «0 Ibunfw iffAo^ o^A^r «2£d3ton<^ ore 6mp&y^ Sy nafzf^ 
for the formation, amdariywih of vegetables 9 

All orders of vegetables are produced from four or t:^^ natu- 
ral substances, viz., caloric, light, water, air, and carbon ; caloric 
is necessary to enable vegetables to decompose water and air ; 
and light is equally requisite to give a part of the oxygen of 
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these substances a gaseous form, and to put it in a proper state 
to be thrown off by the leaves. The other portion of oxygen 
goes to the formation of sugar and the vegetable acids. The 
analysis of vegetables oonfims this theory ; for, however they 
may be examined, the result is sdways the production of oxy- 
gen, hydrogen, and carbon. Some plants yield also a portion 
of silex, and others lime ; bat these, no doubt^ are taken up by 
the roots from the soil. 

60. WuUi8^ojffUxofeaf^imintheammalhnad<»nf 

As carbon is a necessary part of sugar, of oils, &c., it conse- 
quently enters into the composition of animal milk, and of 
animal oUs and &t ; it is also found in albumen, gelatine, fib- 
rina, and animal urine. ^ 

61, Does carbon enter into any mineral combinaHoTu f 
Some metals may be combined with carbon ; many of their 

oxides are capable of formiug compounds with carbonic acid. 
52. What does ixvrbonform when corMned with iron f 
In one proportion it forms cast-iron ; in another steel ; and 

in a third proportion plumbago ; generally, though improperly, 

celled bla^ lead. 

63. What is the proportion of earhtm in ea8t4ron f 

Upon an average cast-iron contains, according to the analysiB 
of Ber^oan, about one forty-fifth of its weight of carbon. 

64. WhaJt gwxntUy of carbon enters into the composition of 



Steel is iron combined with aboat one part of carbon in two 
hundred of iron.* 

65. How is carbon combined with iron to form pbmbago ? 
Carburet of iron, or plumbago, has been found to consist of 

nearly nine parts of carbon to one of iron. Plumbago, like 
charcoal, is indestructible by heat, unless with the presence of 
atmospheric air. It is therefore much used for making 
crucibles and portable fdmaces. It protects iron from rust, 
and on that account is rubbed on various ornamental cast-iron 
works, such as the fronts of grates, &c. 

66. How do you account for the production of carbonic acid 
gas in the process of fermentation f 

In all vinous fermentations a decomposition of the saccharine 
matter takes place ; and a part of the disengaged oxygen, unit- 
ing with a part of the carbon of the sugar, mrms carbonic acid. 
A decomposition also of part of the water of solution perhaps 
promotes the process. 

67. What is the cause of virious fermafntaiionf 

* We shall explain the nature of these oompoox&ds in the seotian on 
the metals. 
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The cause of vinous fermentation is not well understood ; 
but it appears to be a spontaneous commotion that takes place 
on the decomposition of vegetable substances, in certain fitvour- 
able circumstances of temperature and solution ; and it is a 
process which nature employs for their destruction. 

58. What circumstances are necessartf to produce mrunu fer- 
mentation ? 

The presence of vegetable matters, of water, of su^, a cer- 
taiu degree of heat, and free egress for the carbomc add to 
escape as it is generated. 

59. Can vou at all account for the change which is effected in 
saccharine liquors by fermentation f 

By the process of fermentation, the sugar, which is a vege- 
table oxide, parts with a portion of its oxygen to form carbonic 
add, and becomes converted into alcohol by being thus partially 
deoxidized. 

60. Does sugar then become spirit of wine, or alcohol^ merely 
hy losing a part of its oxygen f 

No ; it parts with a portion of its carbon at the same time^ 
in the form of carbonic add ^us, and a new arrangement of the 
remaining principles, both of the sugar, and of the water in 
whidi it is dissolved, takes place, furnishing an increased pro- 
portion of hydrogen, in order to form vinous liquor. 

61. Endeavour to recollect the different jproperties of charooalf 
which you have enumerated in this chapter. 

CSiarcoal appears to be indestructible by affe ; it is not in the 
least altered by the most intense heat, if Ideated in closed vessels ; 
when burnt in atmospheric air it becomes converted into car- 
bonic acid gas ; it is a valuable antiseptic ; it is the basis of all 
vegetable and animal substances ; it is one of the component 
parts of wax, oils, gums, and resins ; and, from its affinity to 
oxygen, it has the property of decomposiDg many substances in 
which oxygen constitutes a matenal part. 

62. How did chemists become acquainted with aU these pro- 
perties of charcoal f 

Formerly, nothing was known of diarcoal but its indestracti- 
bility and its antiseptic qualities. The other peculiar and soz^ 
prising properties of diarcoal were reserved for the discoveries 
of the present age ; for these we are most especially indebted 
to the labours and genius of Black, Priestley, Cavendish, Gay, 
Lussac, and Davy, and to the gradual development of the pre- 
sent improved system of chemwtry. 
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VII. THE ACIDS. 

1. What 18 an ctcid F * 

Most of the acids are substances whicli produce that sensa- 
tion on the tongue which we call sour ; but some substances 
ore classed with the acids which have not this characteristic, 
though they possess some of the other properties of acids. 

2. What are the properties of adds f 

Acids change the blue juices of most vegetables to red ; and 
combine with alkalies, earths, or metalUc oxides, so aa to form 
those compounds called salts. 

3. le the power of changing liLue vegetable colours essential to 
a/sidsf 

Some acids, owinff to their insolubility in water, have not 
this power, though they will combine with metallic oxides, and 
form salts. 

4. What is the origin of acids? 

Many of the acids owe their origin to the combination of 
certain substances with oxygen, which has been called the 
acidifying principle ; incorrectly, however, a£ hydrogen forms, 
by combination with bases, a very extensive class of acids. 

d. What are the electrical relations of the acids ? 

When a salt containing an acid is placed in the electrical 
circuit and decomposed, it is found that the acid appears at the 
positive pole, and the base at the negative. It follows^ there- 
fore, that the adds possess electro-negative properties. 

6. How is it shown that oxygen and hydrogen^ by union toith 
hoses, produce adds f 

Many of the adds can be decompounded by bodies having 
stronger attraction for the oxygen than the acidified base by 
which they lose their acid properties;. in a similar manner 
the adds of hydrogen, by separation of the hydrogen, lose their 
addity; we may also, by direct combination of oxygen oi 
hydrogen with bases, form acids. 

7. Bo acids always result from the union of oxygen vntn 
bases? 

By no means ; alkalies, earths, and metallic oxides, are all 
compounds of oxygen with bases ; and these do not possess 
add properties. 

* The acids differ from each other in their appearance and properties 
as much as any class of bodies we are acquainted with ; it is therefore 
difficult to give a definition of an acid. In general tiiey are liquids, 
but some of them take a solid, and others a gaseous form; some aro 
mild, others corrosive; some are pungent and volatile, others are mild 
fuid inodorous. 
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8. J)o the same bases alwa^/s cotMne tpiih an equal portion cf 
oxygefn f 

No ; some acidi£lable bases oombine with different propor- 
tions of oxygen, producing different states of acidity.* 

9. H<yw do chemists distinguish this difference f 

When two acids have the same basis, but contain different 
quantities of oxygen, they are distinguished by their termina- 
tion. The name of that which contains most oxygen ends in 
ic, the other in ous. Thus we have sfdphwric acid, and sul- 
phurous acid ; phosphoric add, and phosphorotu acid. 

10. How are the acids classed by chemists f 

Th.Q acids were formerly divided into three classes, viz., the 
mineral, the vegetable, and the animal acids ; but the more 
useful and scientific way of dividing the adds is into two 
dassesonly. 

11. How are the adds now divided f 

Those adds which are formed with two prindples only are 
comprised in the first class ; while those adds which are foteed 
with more than two prindples compose the second dass.t 

12. Can you enumerate the priTieipal acids of the first class t 
The sulphuric and sulphurous adds; hydrosulphuric or 

sulphuretted hydrogen, tne chloric and bromic, the muriatic 
ados ; the nitnc, the carbonic, the hydriodic, the phosphoric 
and phosphorus, the fluoric, the boradc, the arsenious and ar- 
senic, the tungstic, the molybdic, the titanic, and the chromic 
acids. 

13. Eftumerate the most important adds of the second doss. 
The acetic, the oxalic, the tartaric, the citric, the malic, the 

lactic, the gallic, the benzoic, the succinic, the camphoric, the 
suberic, the prussic or hydrocyanic, the ferrocyanic or ferro- 
prussic, the sebadc, the uric, and the amniotic adds. 

14. What is the sidphuric add ? 

The sulphuric add is a oombuiation of sulphur and oxygen. 
It is commonlv called oil of vitriol, £rom its having been for- 
merly distilled from green vitriol (sulphate of iron), and fixnn 
its great density. 

* The first portion of oxygen converts some bodies into oxides ; the 
second, into tnat class of acids of which the spedfio names, drawn from 
their particular bases, terminate in ous, as the snlphnrons add ; the 
third degree of oxygenizement changes some of these into that division 
of acids which are distinguished Vy the termination in it;, as the sol- 
phnrio aoid. 

*t* Those adds of the first dass, which are formed with two prindtiles 
only, are composed of oxygen and some other substance which is cailled 
their base. The adds ox the second class are composed chiefly of 
oxygen, hydrogen, ai^d c^r^U; though some of them contain nitrogen. 
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15. HofiD 18 the sidphuric acid obtained? , 

Sulphuric acid is procured by burning sulphur, mixed with 
nitrate of potash, in contact -with air and moisture ; by which 
process the sulphur combines with the oxygen of the nitrate 
of potash and the air, and becomes acidified. 

16. Whai are the properties of sulphuric acid f 

The sulphuric is a very ponderous,* corrosive add, desti- 
tute of colour and smell, and has a very strong acid taste. It 
has a great attraction for water, and, when combined with the 
alkalies, the earths, or the metallic oxides, forms with them 
those salts called sulphates. It may be at once discovered in 
solution by a salt of Ibaryta, with which it forms an insoluble 
white OTCcipitate. 

17. Voes vvJ/phur form^ vnth oxygen, another add? 

Yes ; the sulphurous acid is formed whenever sulphur is 
burned in contact with oxygen gas ; it may also be formed by 
the action of substances having a strong attraction for oxygen 
upon sulphuric acid ; by heating, for example, charcoal or 
copper in sulphtbic acid, this aar is decomposed, part of its 
oxygen unites with the charcoal or metaJ, and sulphurous add 
is set free. 

18. WhaioA^thspropertiieBofvulphwrousaeidf 
Sulphurous add, in the gaseous state, is invisible like air, 

bat of a strong, suffocating smell. It is readily absorbed by 
water, and then forms liquid sulphurous add. It is capable of 
uniting with various bases, and forms the salts named sulphites. 
It has also the property of destroying certain vegetable colours, 
and is, on this account used in cert^ cases for bleaching.f 

19. Wha;t is the difference between these two acids f 
Sulphurous add is found to consist of one atom or equivalent 

of sulphur imited to two of oxygen, or 16 of sulphur to 16 oxy- 
gen. Sulphuric add consists of three atoms of oxygen united 
to one of sulphur, or 24 to 16. The representative numbers 
of these adds will be 32 and 40. 

20. Whatisthenmriatiecufidf 

The muriatic is a peculiar acid obtained from se^Hsalt. In 
its pure state it exists as a gas, and when combined with water 
forms tiiie liquid muriatic or hydrochloric add : water when sar 
turated with this gas acquired about the spedfio gravity 1*196. 

♦ The speoiflo gravity of sulphwic acid U about 1*9, or nearly txrico 
as heavy as water. 

f By means of pressure and reduced temperature, this gas may be 
condensed into a ntdd; in this state, by diminution of pressure and 
increase of temperature, it rapidly again assumes the gaseous form» and 
absorbs so much heat during the chan^, that mercury may bp £rQ£60 
by means of the evaporation of th^ li(|uid gas,— £p. 
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21. What method ia made use of to collect and preserve ike mu- 
riatic acid ? 

Muriatic acid is distilled from common salt by means of sul- 
phuric acid, and collected in appropriate receivers, where it is 
condensed in water, for which it has a powerful afilnitj. 

22. What are the properties of muriatic acid f 

This acid, in the gaseous * state, is invisible like air ; has a 
pungent suffocating smell. With water it forms the liquid 
muriatic acid, whidi preserves the smell of the gas, and gives 
out white fumes when exposed to the atmosphere. This acid 
is much employed in the arts, and in chemical laboratories. 
With various bases it forms the salts called muriates, 

23. What is the composition of muriatic acid ? 

It is composed of equal volumes of chlorine and hydrogen ; 
which, when mixed together, and heated or exposed to the sun's 
light, combine with explosion and form this gas. It is by de- 
composition of this gafl that we obtain chlorine for chemical 
experiments. 

24. Does chlorine form cm add with oxygen as wdL as vntii 
hydrogen f 

Yes ; with oxygen chlorine forms the chloric and perchloric 
acids ; the former of these, by combination with potash, forms 
the ssdt called chlorate of potash, now so extensively employed 
in the preparation of different kinds of matches, which take 
fire by friction or dipping the match in 8«lphuric acid. 

25. What are the properties of chloric acid f 

Hie chloric acid oas an acid reaction ; imites with alkaline 
and earthy bases to form the dass of salts called chlorates. 
When concentrated it has a yellow tint, and acts strongly on 
combustible substances, setting them on fire ; by different sub- 
stances having an attraction for oxygen it is readily decom- 
posed ; it consists of five atoms of ox vgen and one of chlorine. 

26. What are the properties ofperchwric acid ? 
Perchloric acicL when concentrated, has a specific gravity of 

1*65 ; it has acid reaction ; it does not inflame organic sub- 
stances ; and emits white fiimes when exposed to air ; it may, 
by certain means, be obtained in a solid form ; it fonjois with 
bases salts possessing little solubility in water. 

27. What is euchl(mne F 

Euchlorine, or protoxide of chlorine, is a gaseous substance, 
first discovered by Sir H. Davy, and obtain^ by the action of 

* Muriatic acid gas may be obtained for chemical en>eriment8, by 
pouring one i)art of Bolphurio acid upon two parts of dry muriate of 
soda in a tubulated retort, and collecting the gas, as it becomes disen- 
gaged, over mercury in a pneumatic apparatus. This gas may also be 
collected by heating the muriatic acid of commerce in a glass retort. 
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muriatic acid on the salt of chloric acid and potash. When 
these substances are heated together a gas of a deep, yellowish 
green colour, and having the smeU of burnt sugar^ is disengaged 
by the mutual reaction of the muriatic and chloric add^the 
hydrogen of the muriatic acid uniting with some of the oxygen 
of the chloric acid, and the remaining oxygen combining with 
the chlorine of the muriatic acid to form protoxide of chlo- 
rine. 

28. Whca are the properties of this gas ? 

It is much heavier than atmospheric air ; it does not, like 
chlorine, set fire to metallic foils. At a temperature a little 
above that of boiling yn.i^ it explodes, and is resolved into 
oxygen and chlorme gases. 

29. What is nitric acid or aqzui fortis f 

Nitric acid is one of the constituent parts of nitre or salt- 
petre. It is a composition of oxygen and nitrogen, in the pro- 
portion of about 14 parts by wei^t of the latter, to about 40 
of the former. 

30. How is nitric acid obtained? 

Nitric acid is obtamed by distUling two parts of nitre and 
one part of sulphuric acid in a glass retort, and collecting the 
gas in proper receivers. This acid, which at first contains 
nitrous gas, is in a great measure deprived of it, and rendered 
transparent and colourless by the application of heat in a sub- 
sequent process. 

31. Wiat are the properties of nitric add ? 

Nitric acid is clear and colourless, like water ; its smell is 
sharp and pungent, its taste exceedingly acid, and its action 
on animal substances very corrosive. It has the property of 
staining the skin yellow, which colour does not diiBappear 
iintil the cuticle is separated, r It has a great affinity for water ; 
is capable of oxidizing most of the metals ; and with various 
bases forms the salts called nitrates. 

32. What is nitrous add ? 

Nitrous acid is a compoimd of four atoms of oxygen and one 
of nitrogen. 

33. What a/re the properties of nitrous add f 

Nitrous add is an extremely volatile fluid, being converted 
into vapour at the temperature of the human body ; for this 
reason it generally exists in the state of orange-red vapour ; 
it is readily formed by the.action «of oxygen gas or nitric oxide 
gas, or by the decomposition of nitrate of lead. It is this gas 
which gives a colour to the nitric acid of commerce, which is 
for this reason often called nitrous acid, though it may readily 
be freed from the nitrous acid vapour by heat 

34. What other compounds does oxygen form with nitrogen ? 
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It forms hyponitrons acid^ mtric oxide, and mtrons oxide 
gases. 

35. The hyponUrouB acid being of little imporUmoey v>e need 
not inquire %t8 properties; lohat are the properties of nitric oxide 
gas? 

This gas is formed by taking away a portion of oxygen hovi 
nitric acid ; i^ for example, we dissolve in a glass matrass, 
(see fig. a, p. 87), copper wire in nitric acid, a large quantity of 
gas is disengaged, which forms orange fames by contact with 
air or oxygen gas. If we collect this gas in a glass bell over 
water, we find it colourless and transparent* 

36. What are the most rema/rkaUe properties of this gas f 

It is not acid ; when oxygen gas is mixed with i^ it is at 
osce converted into nitrous acid gas ; it does not support flame, 
but phosphorus inflamed and plunged into it, will continue to 
bum brilliantly, in consequence of Sie gas being deoompotmded 
and its oxygen uniting with the phosphorus. This gas is com- 
posed of 14 parts of nitrogen and 16 of oxygen. 

37. What a/re the properties of nitrous oxme gas 9 

This Qfa has neither add nor alkaline i)roperties ; it sup})ort8 
combustion better than atmospheric air; it is not decom- 
pounded by oxygen or nitric oxide gas, and it can be respired 
with safety ; the respiration of this gas is attended by very re- 
markable effects on the person who inhales it^ resembling in- 
toxication : in consequence of the pleasurable sensation it ex- 
cites, it has been called laughing gas. 

38. How is this gas procwredf 

By the action of heat upon the salt called nitrate of ammonia. 
When this salt is heated, the nitric add and ammonia are botiii 
decomposed, giving rise to the production of water and nitrons 
oxide gas.* 

39. IVhat is the composition of this gas f 

It consists of one atom of oxygen and one of nitrogen, or 8 
parts of oxygen by weight to 14 of nitrogen* 

40. What %s nitromuriatic add or aqua regia ? 

This name is given to the mixture of the nitric apd muri- 
atic acid which is used aa a solvent for gold, platina, and oUier 
metals, which cannot be dissolved in any of the simple acids ; 
it is made by mixing together one part of strong nitric acid 
with two of strong muriatic acid. It is generaSy suppoaed 
that its power of dissolving gold depends on chlorine being 
evolved by the reaction of these adds on each other. 

41. WhUxt is oarbonio add f 

* This prooesB niAy be better explained when we come to speak of 
tluB Bait, in a subaequent section. 
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Carbonic aoid is a combioatioii of carbon and oxygen. It 
was formerly called fixed air, on aocotint of its being round in 
chalk, limestone, magnesia^ &c. 

42. What ci^ the properties of <i(irb<m%c acid ? 

Carbonic acid is invisible when in the state of gas, and tinfit 
for combustion or respiration. Water, by pressure, may be 
made to absorb three times its bulk of this gas, by which it 
acquires an agreeable acidulous taste.* Carbonic acid enters 
into combination with the alkalies, with earths, and metallic 
oxides, and forms with them those salts called carbonates, 

43. Sow can you show that this gas eostinguishes flame f 

If this gas be poured from a wide-mouthed jar upon a lighted 
candle, it will be as effectually extinguished as by water. Its 
superior gravity to atmospheric air, and its unfitness for sup- 
porSiiR oombnstion, may iSbo be sho^ by poiiriim a common 
glassful of this ^ into another tall glass, containing a short 
taper burning within it. 

44. Whatisthecorn^sUionofea/rhonUiacid^ 

Carbonic add is found to consist of 6 parts by weight of car^ 
bon united with 16 parts of oxygen, and it is formed whenever 
charcoal is burned in an atmosphere of oxygen gas, the specific 
gravity of which is greatly increased by umon with carbon* 

45. /n it'Aa^ Azotes (ioeff ceu-^onio aou2 erut m na^^«f0 .^ 
Carbonic add is found in nature in three different states^ 

viz., in gas, in mixture, and in chemical combination ; it is per- 
haps the most abundant of all the native acids. 

46. What instances are there of its natural existence in ^ 
state of gas? 

It IS found in small proportion in atmospheric air ; also in 
caverns and mines, where it is called the choke damp.f 

47. What instances aare there of earbonie add being found 
mixed toith fluids f 

It is abundant in spa-water, and iq some other addulous 
waters. It is sometimes desirable to impregnate water, for 
medicinal purposes, with carbonic acid. A saturated solution 
of this gas may be made by transmitting a stream of it through 

* Garhonio add gas is found in abundance in many natural waters, 
imitations of whidi are sold under the names of single and double soda 
water. 

t Carbonic add gas so often ooenpies the bottoms of weUs, that work- 
men ought never to ventore into sach places without previously letting 
down a lighted candle. If the candle bums, they may enter it with 
safety ; if not, a quantity of quick Urns should be let down in buckets, 
and gradually sprinkled with water. As the lime slakes, it will absorb 
the carbonic acid gas, and the workmen may afterwards descend in 
safisty. 



72 



THB ACIDS. 




Iig.S9. 



a vessel of cold water daring the space of half an hour. This 
operation may be conveniently per- 
formed by means of what is cidled 
WooLf^B Apparatus. This, in its 
simplest form, consists of three 
botUes, monnted with tubes, as re- 
presented in the figure, in a maho- 
gany tray. The bottles are half 
filled with water. The vapour, from 
a receiver or a retort, is conveyed 
into the first bottle ; that portion 
of it which is not condensea in the 
water of this bottle, passes on by 
the bent tube into the second ; and 
from this, if required, into the third ; 
the portion of gas which is not ab- 
sorbed by the last, is conveyed by a 

curved tube into an inverted jar placed in a pneumatic trough, 
as in the following figure. Besides the bent tube, each haSle 
is provided with a sctfetif tvbe, the lower extremity of which 
opens beneath the surface of the water, while the upper com- 
municates with the atmosphere. The object of this tube is to 
prevent the fluid being rorced backward into the receiver or 
retort by pressure of the atmosphere, in cases of sudden absorp- 
tion ; for it frequently happens in chemical processes, fr^m the 
irregularity of the heat, or other circumstances, that the con- 
densation is more rapid in proportion to the supply of vapour 
at some period of the operation than at others. In such cases, 
air is supplied by means of the safety tube. Instead of this, a 
curved WeUer's tube is now generally employed, as more con- 
venient. In the subjoined figure, which represents a useful 
modification of this apparatus, a is the receiver placed on a 

Y Fi2.30. 




wreath of straw ; c d two of "Woolfe's bottles ; ^ a jar inverted 
in a mercurial trough /. Each bottle is furnished with a 
Welter's tube. Into these tubes water is poured, till the balls 
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b, e, are half fulL When absorption takes place, the "veater 
rises in the ball till none remains in the tube, and then the air 
rashes in. On the other hand, no gas can escape, as it has to 
overcome the pressure of a high column of water in the per- 
pendicular tube. In this apparatus, the vapour is condensed 
in the receiver, and the gas passes on into the two bottles ; the 
portion of gas which is not absorbed by water, or condensed 
at its exit from the last bottle, is conveyed into the jar standing 
in the mercurial trough. 

NooUCs Apparatus, — Another apparatus, by means of which 
water may be impregnated with carbonic acid, is that oontiived 
by Dr. Nooth. It consists of three glajas 
vessels, as represented in the figure. 1. The 
lowest vessel a has an opening at b, which 
is furnished with a ground stopper. 2. The 
middle vessel b is open at both ends ; the 
lower end is fitted by grinding to the neck 
of A, and is furnished with a valve at a, so 
constructed that it admits the oaceM of goB 
from A, but prevents the descent of li^id 
from B ; this middle vessel is also provided 
with a stop-cock d, by which its contents 
may be drawn oif. 3. The uppermost vessel 
c is fitted by grinding into the upper neck 
of the middle vessel; its lower part is 
lengthened into a tube which passes almost 
as low as to the centre of the middle vessel ; 
its upper orifice is closed by a ground stopper. 
When this apparatus is to be used, some 
powdered marble or chalk is introduced into 
the lowest vessel, and dilute sulphuric acid 
poured in at the opening, which is then 
dosed. The middle vessel is filled with pure water, and fixed 
in its place. The uppermost vessel is stopped, and also fixed 
in its place. Effervescence takes ^lace in the lowest vessel, 
from the disengagement of carbonic acid. This gas passes 
through the valve at a, ascends into the upper part of the 
middle vessel, and forces part of the water up the tube into 
the uppermost vesseL Li this vessel the air is compressed, and 
partly escapes by the stopper, which, being of a conical form, 
is easily raised. As more carbonic add is generated, more 
water rises, till at length the water in the middle vessel fidls 
bdow the lower orifice of the tube. The gas then passes through 
this tube into the uppermost vessel, and expels more of the 
common air by raising the stopper. By this means, the water 
in both vessels, being in contact with a body of carbonic add 
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beoomeB strongly impregnated with this gas after a certain 
tima This effect may he hastened, by taung off the middle 
and uppermost vessels together, and agitating their contents. 
The impre^oated water may then be drawn off by means of 
the 

48. In what mtbsUmoes is carbonic cknd found chemicaU^/ ^^^n^ 
binedf 

Carbonic acid is found in all ports of the world in great 
plenty, in combination with the alkalies, in earthcf, and in 
stones ^particularly in chalk, limestone, and marble. 

49. Whai i$ the effect of the combination of carbonic acid f 
Carbonic acid renders mild and salutaiy some of the most 

acrid and destructive of all known substances. 

60* How is the carbonic aeid separated from aihaHee and 
earths F 

Carbonic acid may be disenga^d by all the other adds ; bat 
it is usually separated from a&^es by the addition of quick- 
lime, which abfiorbs this acid, and thus is converted into car- 
bonate of lime. 

51. Hovf is carbonic acid usuaUy procured for chemical pur- 



Carbonic add gaB may be collected in abundance from the 
sui^Eace of fermenting liquors ; but it is more commonly ob- 
tsdned by pouring scQphuric acid upon a miztore of chatk, or 
marble and water. 

62. What is phosjphoric add F 

Phosphoric add is a com})Ound of oxygen and phospharuB. 

63. Sow is phosphoric acid procfwred f 

Formerly phosphoric add was procured only by burning 
phosphorus in oxygen gas ; but, since it is known that this 
acid IS a component part of animal bones, we now procure it 
at a much cheaper rate. 

64. What are the properties of phosphoric aeid F.^ 
Phosphoric add, deprived of water, is solid and transparent ; 

when liquid, it has a thick oily appearance, is of considerable 
gravity, and very acid to the taste. It forms by its union with 
earthy, alkaline, and metallic bases, that variety of salts which 
we csJ lph osphcOes: 

65. What is the phosphorom add F 

This add contams a smaller proportion of oxygen than the 
phosphoric add. It is procured by the slow combustion of 
phosphorus ; for when phosphorus is heated it bums rapidity 
and the product is phosphoric add. 

66. What are the properties of phosphorous add F 
Phosphorous add is a dense, visdd liquid, with an add taste, 

and emits the smell of garlic when heated. Like the phoa- 
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phoricy this add may be decomposed by charcoal, but camiot 
be obtained in a concrete state. It has not yet been applied 
to any use. The salts formed with it are called phosphites* 

67« Bowiaphos^^horausacidprocwredf 

Phosphorous acid is generally prepared by exposing sticks 
of phosphorus to the action of atmospheric air, in a glass fannel, 
and receiving the add, as it forms, in a bottle placed under- 
neath. Two or three pieces of broken glass placed in the neck 
of the funnel to support the phosphorus, and a small quantity 
of distilled water put into the recdving bottle, complete this 
simple apparatus. The pieces of phosphorus should oe placed 
so as not to touch eadh other. 

58. WhaiiA fluoric cuddf 

The fluoric is an add of a very peculiar nature, found in the 
fluor spar. This mineral is a natural productioDi composed of 
' fluoric add and lime. ^ 

69. Wh4it ao'e the properties of jkuyrio cusid? 

In the state of gas it is invisible, like air. Water rapidly 
absorbs it, and forms liquid fluoric add. It has an add taste, 
and the peculiar property of dissolving silex. Its base is not 
yet known. 

60. Wh(a is the use (^fluoric acid f 

Fluoric add has not been used except for etching upon glass.''^ 
It appears that it was first employed for this purpose in the 
seventeenth century* 

61. How i^fmorui acid woofwredf 

iluoric add is obtainea by pouriD^ sulphuric add upon the 
powdered fluor spar in a leaden or silver retort, and applying 
a gentle heat, llie sulphuric add unites with the lime fozming 
smphate of lime, and the fluoric add is disengaged* 

62. What is the composition of this acid f 

It is supposed to consist of a peculiar base to which the name 
fluorine has been given united to hydrogen; the decomposition 
of this acid has, however, never been effected. 

63. WhatishoroGioamdf 

The boradc add is obtained from the substance called borax. 
It consists of boron united to oxygen. — {Vide 23, p. 68.) 

64. What are the properties of boracio acid F 

* This ftoid a<it8 so ^owerfdlly on silex, that it is impossible to use 
glass vessels for its distillation. A glass letort would be destroyed be- 
fore the gas oonld be obtained. It combines with the siliceous earth 
of the glass, and carries it over with it in distillation. 

Its action on glass may be eJiown by strewing a little powdered fluor 
spar on the snrrace of a pane of ghaa, and pouring a nttle sulphurio 
add upon it. The sulphurio acid will disengage the fluoric acid ttom 
the spar, which will act upon the glass ae it becomes disengaged. 
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Boracic acid is in the form of thin scales, slightly acid, and 
unalterable in the air. It forms the variety of salts called 
borates, when combined with the alkalies, some earths, and 
some of the metallic oxides. One of the peculiar properties of 
this acid is, that it imparts a green colour to burning bodies. If 
a small quantity be mixed with spirit of wine and the spirit 
inflamed, a fine green tinge will be given by the boracic add 
to the flame. 

€5. What is (zrsenic acid f 

Arsenic add is a compound of arsenic and oxygen. It is a 
heavy, thick, incrystallizable mass : very soluble in hot water ; 
of an add taste, and poisonous. With diflerent bases it forms 
the salts called arseniates, 

66. What is arsenious acid P 

Arsenious add is the compound of oxygen and arsenic, in 
the lower state of oxidation ; the common miite arsenic of com- 
merce consists entirely of this acid. 

67. What is tun^stic €udd f 

The tungstic acid is a tasteless yellow powder, composed of 
oxygen and tuilgsten. It is insoluble in water, and forms the 
salts called tungstatesy by its union with alkalies, earths, and 
metallic oxides. 

68. JIow is tungstic add obtained F 

Tunsstic add is found native in wolfram (which is a tung- 
state of iron and manganese) and other minerals. It may be 
obtained ^m wolfram by boiling three parts of muriatic add 
on one part of the mineral. The acid is to be decanted off in 
about half an hour, and allowed to settle : the powder which . 
precipitates is to be dissolved in ammonia ; the solution evapo- 
rated to dryness, and the dry mass kept for some time in a red 
heat. It then forms tungstic acid in a state of purity. 

69. Wiat is mdlybdic add ? 

Molybdic acid is a white powder, composed of molybdenum 
and oxygen. It requires a large quantity of water to dissolve 
it When combined with salifiable l»ses, the compounds are 
called mcHybdaies. 

70. What is chromic oMf 

Chromic acid is a dark red powder, composed of 32 parts 
chromium and 20 parts oxygen. It has an acrid metallic taste, 
is very soluble in water, and crystallizable. When mixed with 
different saline solutions it assumes a variety of beautiful 
colours ; it also forms with the earths and alkalies various salts^ 
called chroTruOes. 

71- How is this add obtained ? 

It exists in nature, combined with lead ; it may be procured 
"•ly decompounding fluochromic acid by water, or the bichromate 
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of potash of commerce by means of fluosillc acid, which separ- 
ates thepotash, and leaves the add in a pure state. 

72. what is the acetic acid F 

Acetic acid is principally obtained &om saccharine liqnors 
which have jidergone the vinous fermentation.'^ 

73. What are the properties of aeeiie add P 

Acetic acid, as it is usually prepared, is the well-known fluid 
vinegar. When distilled it is colourless as water, and of an 
agreeable odour. When concentrated it has a steong sharp 
acid taste, and pungent smell. With the different bases it 
forms the dass of salts called acetates. 

74. What is oxaUc acid ? 

The oxalic is a peculiar acid found in the juice of some 
species of sorrel, in combination with potash. It may be pre- 
pared artificially by the decomposition of some vegetable sub- 
stances. If sugar be heated with nitric acid it will be con- 
verted into the oxalic acid. It crystallizes in four-sided prisms, 
has a very acid taste, and is soluble in water. It is composed 
of oxygen, hydrogen, and carbon. 

75. vHuU ore ^ vses of oxaUc add ? 

Oxalic add is of great use to us in detecting the presence of 
lime in solution.t It is also become an article of great con- 
sumption with the calico-printers, both in a state of purity and 
in combination with potash. 

76. What is tartaric add? 

Tartaric add is found in the cream of tartar of commerce. 
It is capable of crystallization, and easihr soluble in water. It 
is used by calico-printers to discharge false prints. The salts 
formed with it are called tartrates. 

77. How is tartaric acid prepared ? 

Bv decomposing the tartrate of lime or potash by means of 
sulphuric acid which unites with the base, and leaves the add 
in solution ; from which it may be obtained in a pure state by 
crystallization. 

Cream of tartar (bitartrate of potash) is procured from vessels 
in which wine has been kept. The tartaric acid appeal's to be 
a necessary substance in all wine ; for it seems from some late 

• Acetic acid is now also obtained from wood "bnmt in large iron 
cylinders. This acid, which is called the pyi'oligneous, is chiefly used 
in making acetate of iron and acetate of alumine, for the calico printers. 

i* The oxalic has a greater affinity for lime than any other acid ; 
and as it forms with it an insoluble substance, it is the most proper 
teat for discovering this earth. Thus, if a few drops of the solution of 
oxalio add be dropped into a neutral solution of muriate of lime, an 
abundant precipitate of insoluble oxalate of lime will aptpear. In con- 
sequence of the solubility of the oxalate of lime in muiiatio acid, oxalato 
of ammonia is preferred as a test for the presence of lime. 
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experiments that wua will not ferment if aU the tartario add 
be taken from it. 

78. What 18 citrio acid F 

Citric acid is found in the jnioe of lemons and several other 
frnits. It crystallizes in beantiful rhomboidal prisms ; is ex- 
tremely acid to the taste, and very soluble in water. It is used 
in various ways for domestic purposes, for medicine, and in the 
arts. The salts formed with it are called eitrates»* 

79. What is malic acid f 

Malic acid is obtained from the juice of apples, in which it 
exists ready formed. It is a very acid, reddish-coloured liquid, 
composed, like the other vegetable adds, of oxygen, hydrogen, 
and carbon. It is incapable of dystallizatton, and has not yet 
been brought into any use except as a dieinicai testf Its 
salts are c^ed malates, 

80. What i» lactic acid f 

Lactic acid is prepared from milk after the ourd has been 
separated ; it has also been discovered by Gay-Lnssac and 
Pelouze in considerable quantities in the beet root. It is in- 
capable of crystallization. The salts formed with it are oaUed 
lactates, 

81. What is ffoUic add F 

jQallio add is found in the galls of commerce, and in most 
astringent vegetable substances. It is obtained in thin trans- 
parent plates, and in minute needle-shaped crystals, of an add 
taste. It has the property of predpitating the persalts of iron, 
from their solution m adds, of a hlaok colour. Its salts are 
called gaUates, 

82. ^ow is this acid prepared f 

By infusing gall nuts in water we may obtain an impure solu- 
tion of this add ; this may be purified by long exposure to air, 
evaporating the liquor nearly to dryness and then dissolving 
the add in water and boiling it with charcoaL 

83. What is tannic add f 

Tannic add also exists in gall nuts, in oak bark and different 
astringent vegetables ; by digesting gall nuts in ether and 
evaporating the solution at a low temperature we obtain tannic 
acia in the form of a white spongv mass. 

84. What are the properties of this add f 

It has a bitter taste, is soluble in water, and with solution 
of iron gives a deep piu:ple predpitate ^ with gdatine it forms 

* In con8ec[Tienoe of its j^reat solubility in water, oitrio add is estea- 
«veiytiB6d in oalioo-printmg. 

J 1^0 aoid is of use, in the analyiee of earths, for separating alu* 
nune from magneda, as it formi with the former an iuBOluUe salfe, 
inmu. preoipitatee, leaying malate of magnesia in solution. 
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an insoluble precipitate, for which property it owes its Taluo 
in the process of tanning which consists in muting this acid 
with the gelatine of leather. This acid has been made artifici- 
ally by the action of nitric acid on charcoal 

85. What are the principal tuea ofgaUio and tannic acids f 
They are both extensively used in dying black and purple, 

and also in the preparation of ink, by combining them with 
peroxide of iron ; the tannic acid that exists in oak bark is 
employed in tanning. 

86. Whai is mucic acid ? 

Mudc, or saccholactic acid, as it has been called, is obtained 
by nitric add from gum arable, and other mucilaginous suV 
stances. It is in the form of a white gritty powder, with a 
slightly add taste. Its salts are called mvtcites, 

87. W%flrf is benzoic add ? 

Benzoic acid is prepared from a vegetable resin called ben- 
zoin. It is a light whitish powder, with a peculiar and aro* 
matio odour. Ite taste is acrid and bitter. It is unalterable 
in the air, insoluble in cold, but soluble in boiling water. It 
is used in medicine under the name of flowers of benjamin. 
Its salts are called bemooOes* 

88. Hoio may benzoic acid be prepared f 

Benzoic add may be procured by boiling the resin with car- 
bonate of soda, and adding to the filtered solution diluted 
muriatic add as long as it produces any precipitation. The 
precipitate which forms, is the benzoic acid. It may also be 
procured, but not in a pure form, by sublimation of benzoin. 

89. What is succinic acidF 

Suednic add is prepared from amber. ''^ It takes the form 
of shining white cijstals, of a slight acid taste. It sublimes 
by a strong heat, it is soluble in hot, but dissolves in small 
quantities in cold water. It is useful as a re-agent, but of no 
use in the arts. Its salts are called succinates, 

90. How is this acid proov/red f 

If we fill a retort half way with equal parts of powdered 
amber, and dry sand, lute on a receiver, and distil in a sand- 
bath with a gentle heat, the succinic add will attach itself to 
the neck of tne retort. It is generally coloured by a portion 
of oil which comes over in distillation ; but it may be purified 
by pouring nitric add upon it, and then expelling the nitrous 
add by a heat not su^de&t to drive off the sucdnio add*t 

* Ambor !• a transparent oombuBtible subsianoe, dug out of tho 
earth, or found upon the eea coast. It manifests electrioity by fHctioni 
and was much admired by the ancients as an ornament of dress. 

t When combined with ampapixia, tlbis acid becomes a valuable re« 
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91. What is camphoric acid ? 

Camphoric acid is prepared from<;amphor by means of nitric 
acid. It is in very white crystals, which have a slightly add, 
bitter taste, and a smell like safi&on. It is very insoluble, re- 
quiring nearly 200 times its weight of water to dissolve it. 
With salifiable bases it forms camphorates, 

92. What is suberic acid ? 

Suberic acid is prepared from cork, by means of nitric acid. 
Its taste is acid ; it is generally seen in the state of powder, 
and is not crystallizable. Boiling water dissolves half its 
weight, but it is very insoluble in cold water. Its salts are 
called svhetates, 

93. What is prussic or hyd/rocyanic add? 

The prussic is a peculiar acid, composed of hydrogen united 
to cyanogen. It is a colourless liquid like water, 1ms a bitter 
taste, resembling bitter almonds, and is highly poisonous — 
laurel water owes its poisonous property to this acid. It is 
prepared from the bicj^de of mer^f by decomposing thia 
salt by muriatic acid or sulphuretted hydrogen. 

94. What is cyanogen f 

Cyanogen is a gaseous compound of carbon and nitrogen ; it 
may be procured By heating strongly in a glass-r«tort bicyanide 
of mercury, when a gas passes over, characterized by its pungent 
smell, and its burning with a fine purple fiame : this gas con- 
sists of two atoms of carbon and one of nitrogen, or 12 parts by 
weight of carbon to 14 of nitrogen. 

95. What is the composition of the salt called in commerce 
prussiate of potash ? 

This salt consists of iron, cyanogen, and potash ; the iron 
united with the cyanogen to form ferro-cyanic acid, and this 
combined with cyanuret of potash to form ferro-cyanuret of 
potassium, or prussiate of potash. 

96. What are the properties of this compound ? 

It forms with most of the metals precipitates insoluble in 
water. With iron it forms the deep blue compound called 
Prussian blue, with copper a reddish yellow, and with man- 
ganese a white precipitate. 

97. How is the prussiate of potash prepared ? 

By heating strongly together animal matters, such as blood 
or pieces of leather, with carbonate of potash and sulphate of 
iron, and after complete decomposition of the animal matter 

agent, by the property of separating iron from its eolations, and not 
operating upon other motals. Thus, if a little of this succinate of 
ammonia be added to a solution of sulphate of iron, succinate of tjie 
netal will be precipitated. 
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lixiviating the residue and crystallizing ; the pmssiate of potaah 
loims in large lemon-coloured crystals. 

98. Wkat is sdxusio aeid f 

Sebadc add is procured from animal fat or tallow. It has 
an acid, sharp, bitterish taste. It combines with alkalies, 
earths, and metallic oxides, and forms the salts called sebates, 

99. Whai is uric acid f * 
The uric or lithic acid is found in human urine. Some of 

the human calculi are composed entirely of this acid. It has 
neither taste nor smell, but it reddens vegetable blues, and 
combines with alkalies ajid eartha 

100. What is cMnniotic acid f * 

Amniotic acid is obtained from the liquor of the amnion of 
the cow. It is slightly add ; it reddens the tincture of turn- 
stole ; and may be obtained in white crysi^s. 

101. What are the tues of these variom €unds Ff 

The uses of the adds are so nianv and important, that it is 
impossible to enumerate them. They are indispensable to 
various arts and manufactures ; are employed for culinary 
purposes, and for medicine ; they act an important part in the 
great laboratory of nature ; produce that numerous dass of 
bodies called salts ; and form many of the rocky and mountain- 
ous parts of the globe we inhabit. 

102. Do you recollect any instances of adds entering into the 
composition of rocks and mountains f 

Tne vast masses of limestone, chalk, and marble, which are 
found in every part of the world, are combinations of lime and 
carbonic acid ; the mountains of gypsum in the vicinity of Paris 
and elsewhere, are combinations of lime and the sulphuric add. 
And the masses of silidous rocks, which form so large a portion 

* The amnion is the internal ^onhrane of the ovum, oir that which 
immediately sarronnds the foetus in utero. In order to obtain amniotic 
add, nothing more is necessary than to evaporate the liquor of the 
amnion of the cow to one-fourth, and leave the remainder to cool, which 
will be foond to contain the acid in crystals* 

"t* The adds are such powerfdl agents in a variety of chemical changes 
which take place in nature and in the arts, that it is of the utmost import- 
anoe to acquire a knowledge of the modes in which they operate. Let 
it be recollected, then, that there are two ways in which the adds pro- 
duce changes in the substances with which they are brought into 
oontact. In some cases they effect an union with these substances, 
and become a part of the new compound, without having themsdves 
undergone any decomposition. In others they become partially de- 
oompMed, by affording a part of their oxygen to tiie bodies on which 
they operate. The formation of common salt by the union of muriatic 
acid with soda, is an instance of the first of these cases, and the action 
of nitrous acid on iron will exemplify the latter. 

F 
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of the solid crust of tlie globe, are composed chiefly of silicio 
add tmited with earthy bases. 
103. Do acids exist also in the vegetable kingdom ' 
Yes ; in the processes of nature acids are continually being 
produced or undergoing decomposition, by the vital action ot 
vegetable substances, and there is hardly a plant that ^Ws 
■which does not contain either a free or combined iwad in its 
structure. 
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1. What is the nature of an alkaii f 

The alkalies have a sharp acrid taste ; they change the blue 
juices of vegetables to a green,* and have the property of 
rendering oSa miscible with water. They are Incombustible, 
but may be rendered volatile by a great heat. They are soluble 
in water ; form various salts by combination with acids ; and 
act as powerful caustics when applied to the flesh of animals. 

2. ^ow many alkdlies are there f 

There are four alkalies ; three of which have been called 
fixed alkalies, the other haa long been known by the name of 
wlatile ^aSksiHL 

3. Have we any historical account of th&^ stibstances f 
Potash was known to the ancient Uauls and Germans ; and 

soda was familiar to the Greeks and Hebrews. This latter 
substance was known to these ancients by the name of nitrum. 
Ammonia and lithia owe their discovery to modem research. 

4. Which are the fixed alkalies f 

The fixed alkalies are potash, soda, and Uthia. 

5. Why have they been called fixed alkalies f 
Because they wul endure a great heat without change. 

6. What substances enter into the composition of these cUkdiea^ 
The fixed alkalies were formerly considered simjole substances, 

but they are now known to be compound bo^es. 

7* what is the composition of the fixed alkalies ? 

lliey consist of a metallic base united to oxygen* 

8. Jaow is this proved f 

Sir H. Davy showed that the alkalies, potash and soda, t^rhen 
subjected to the action of a strong electric current, are decom- 
posed, oxygen appearing at the positive, and the metallic base 

* The tests tised for discordriiig the presence of firee alkalies, are 
either blue cabbage infosioii, which is changed to green by them» or 
nfosion of turmeric or rhubarb, which is changed to reddish brown. 
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at tlie negative pole of the galvanic battery ; he also repro- 
duced the al^dies by uniting their metallic liases with osiygeni 
and thereby proved the composition of these snbstances. 

9. Whca is the comjpositioii of potash f 

It consists of the metal potassium imited to the oxygeix in 
the proportion of 40 potassium to 8 oxygen. 

10. Jaovf is potassium procttred f 

Davy procured it by aecomposingpotash by means of elec- 
tricity ; this process is, however, dSScult and expensive ; it is 
now obtained in lar^ quantities by strongly heating iron or 
charcoal in contsict with potash, which is decomposed dv these 
substances^ and the metal potassium is set free, and being 
volatile is collected in the cool part of the apparatus. 

11. What are the properties of potassium f 

This metal is lighter than water ; it is of a silvery white 
colour ; when heated in air or oxygen gas it takes fire, burns 
with flame, and is converted into pure potash ; when thrown 
upon water it remains upon its surface, decomposes t^e water, 
and is converted into potash by uniting with its oxygen. The 
disengaged hydrogen takes fire and bums with a beautiful 
violet-coloured flame on the surface of the water. 

12. What is the origin of potash? 

Potash is chifefly procured by lixiviation frbm the ashes of 
burnt wood, and other vegetable substances ; it was for this 
reason formerly named vegetable alkali, but as it exists in 
minerals and earths, there is reason to believe that plants re- 
ceive it from the earth during vegetation. 

13. What is the origin of soda ? 

Soda is generally produced from the ashes of marine plants ; 
but its great depository is the ocean, which contains it in union 
with muriatic acid. 

14. How is it that moHne plants give out soda, whUe those 
which grow in the interior of the cowntry afford potash f 

This can only be accounted for by supposing that vegetables 
have the power, during vegetation, of decomposing searsalt, 
and retaining the soda in their constitution. 

15. Is soda found in any other state f 

Yes ; soda is found in great plenty combined with carbonic 
acid in the natron beds of Egypt, and in the East Indies ; also 
in various parts of the worl<5 united with other acids. • 

16. Are the potash arid soda prepared by these processes in a 
pure state? 

Ko ; salts commonly called potash and soda consist of these 
alkalies united to carbonic acid ; from this acid they may be 
separated by means of lime, which unites with the carbonic 
acid and leaves the soda and potash in a pure state. 



84 TH£ ALKALIES. 

17. What » the composition of soda f 

Sir H. Davy by the same means by wbich he proved potash 
to be a compound of oxygen and a metal, proved that soda also 
consisted of a metal whidi he named sodium^ united to oxygen 
in the proportion of 32 to 8. 

\B, ^hab are the properties of sodium. 

Like potassium, it is lighter than water ; it is of a silver 
white colour, and is rapidly converted into soda by exposure 
to oxygen or water, which it rapidly decompounds ; there is 
one striking diiference, however, between the appearances 
attending the decomposition of water by potassium and sodium ; 
when the latter is thrown upon the surface of water the extri- 
cated hydrogen is not inflamed. 

19. Whai a/re the distinguishing properties of potash and 
soda? 

The fixed alkalies are very similar in their general proper- 
ties ; but are easily distinguished by the variety of salts which 
they form with the adds ; and by potash being more delique- 
scent than soda. 

20. Is there am chemical test hf which you can distinguish 
these two alkalies Y 

ThQ following are the best tests to distinguish these alkalies 
from each other ; the tartaric acid, with potash, forms a salt 
very little soluble in water but with soda a very soluble salt ; 
the terchloride of platina also forms an insoluble triple salt 
with potash, but not with soda ; the salts of potash give to 
flame a violet tinge ; the salts of soda give a greenirii yellow 
tinge to flame. 

21. What are the chief uses of these alkalies ? 

The fixed alkalies have various uses in surgery and medicine ; 
they are the bases of several salts ; are employed much in the 
arts ; * and are also of great use to the analytical chemist. 

22. H(yu} are the fixed alkalies employed in the arts f 

The fixed alkalies are used in large quantities by the glass- 
maker, the dyer, the soap-maker, uie colouivmaker, and by 
various other manufacturers. 

23. To what uses are the alkalies applied in cueing f 

The alkalies are known to have tne property of altering the 
hue of most colours ; they are therefore employed with this 
view by the persons who are engaged in this trade. 



* The greatest oongamption of the alkaUes in this ooantry is Sn the 
m a nnf actore of soap. They are also largely employed in bleaching and 
iiiithe mannfBhctnie of glass. Soda and potash are both nsed in wash- 
ing» and for other domestie purposes, as they powerfully unite with aU 
greasy anbetances, -which they render soluble in water. 
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24. Why ojte the dJQcdLvn employed in making soap ? 

An aUcali is an essential ingredient in au soaps, as it Is 
capable of readily converting ^ow or oil into a saponaceous 
substance, and enabling it to combine with water. 

25. Why are thefixeaaUcaliee employed in making colours f 
Many colours now manufactured in this country cannot be 

made without an alkali : thus, animal matters are incinerated 
with an alkali to form Prussian blue ; a fixed alkali is also 
employed as a flux in the formation of mineral blue from cobalt. 
The rich colours made from chromic acid are also formed by 
combining the acid with potash before producing the metallic 
chromates ; there are many other colours also formed by means 
of the alkalies. 

26. What a/re the other uses of these alkalies f 

They are employed in making alum, in bleaching, &c., && 

27. From whence is this country supplted mth these aUcar- 
liesf 

The greatest part of the potash used in this country comes 
from America and Bussia ; but the help of our own coasts, and 
the harUla of Spain and Sicily furnish us with most of our 
soda. 

28. Are these alkalies sold in a state of purity f 

No : both potash and soda always contain a quantity of car- 
bonic acid and water ; and are often contaminated with various 
earths, and sometimes with a portion of sulphur. 

29. Efibve alkalies any peculiar affinity for sulphur f 

Both potash and soda have a strong affinity for sulphur ; they 
combine by trituration or h^t, and. form sfdphwret of the 
metallic base, formerly called h&par sfdphwis, '^ liver of sul- 
phur." 

30. What is the nature of sfulphwret of an alkaline base f 

Its colour is similar to that of the hver of animals ; its taste 
is acrid and bitter ; and it has the property of decomposing 
water, being changed into hydrosulphuret of the alkali. 

31. How are the alkalies of commerce purified for the t^ of 
the chemist or manufacturer f 

Potash or soda is generally mixed with a portion of quick- 
lime, to divest it of carbonic acid, and then lixiviated in proper 
vessels, to obtain a solution of the caustic alkali, free from other 
impurities. When it is required perfectly pure for nice pur- 
poses, Hie alkali is dissolved in alcohol^ and purified by evapo- 
ration. 

32. Are the fixed alkalies ever used in a stale of combination 
mth carbonic add? 

Carbonic acid gives potash and soda the property of crystal- 
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Hans readily : it also renders them mild,''^ aud fit for purposes 
in wnich caustio alkali would be improper ; henoe, carbonate 
of potash is employed in medicine, and carbonate of i^oda lor 
washing and other domestic uses. 

33. WhalUlythiaf 

Lytbia is an alkali^ found in the rare minerals spodumene 
and petalite ; like potash and soda^ it consists of a metial (named 
lithium) united to oiygen. It is characterized by giving ared 
tinge to flame. 

34. Whatiaarnmoniaf 

Ammonia, or the volatile alkali, as it is sometimes called, 
exists in its pure state as a gas ; it is characterized by its strong 
alkaline properties, though it is not corrosive as the other 
alkalies ; by its sharp pungent smelli and its levity, being much 
lighter than atmospheric air. 

35. A9 this alkah is a gaaeana stibsUmoe, how ia it applied in 
the arts ? 

Ammcmia has an affinity for water, by which it is rapidly 
absorbed, and forms liquid ammonia, in which state it is j;ene- 
rallyused; and it is remarkable that the specific srantyof 
water is diminished, in proportion to the quantity of this sbs 
combined with it. 

36. WhatislJiscompoii£(mcifammniat 

: Ammonia is a compound ot hydrogen and zdtrogen, in the 
proportion of about three parts of the former, and fourteen of 
the latter. 

37. Can tpe form this gas by direc&y combining hydrtgm and 
nitrogen f 

Vo, we cannot ; but by presenting these gases to each other, 
in what is named their nascent state, or at tne instant of ^eir 
extrication &om substances contaoning them, we can form 
ammonia. If we take some filings of tin or zinc, pour on tiiem 
some moderately dilute nitric add, and after a short time stir 
into the nuxture some quick-lime, or caustic alkali, a very 
strong pungent smell of ammonia will be produced. In this, 
the hyc&ogen evolved from the water, meetms with the nitro- 
ffeti of the nitric acid, and both being in their nascent state, 
form ammonia, which unites with the free acid, fr^m which it 
is separated by the lime. Ammonia may also be procured from 
a mineral substance, well known under the name of Sal-Amr 
moniac, frt>m its having been first prepared in the district of 



* Caustic soda is so corrosive that it will affect gUuM veasels in which 
it is kept, and render them brittle, like earthenware half homt* 
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Ammonia, in Libya ; in chemical language it is termed tmirHUe 
of emmuma. If some of this substance be pulver- 
ized, and mixed with an equal portion of imslaiked 
quick-lime, also in the state of powder, and the mix- 
ture be exposed to gentle heat in a retort, an extremely 
pungent gas is given off, which is ammonia. This 
gas is rapidly absorbed by water, and should there^ 
foTQ be collected over mercury. In the absence of a 
mercurial trough, ammonia may be prepared by the 
simple apparatus represented in the adjoiixing figure, 
The materials are introduced into a glass flask a^ 
into the mouth of which is inserted a tube of a foot 
or more in length. A tell bell glass b is inverted over 
the tube. Oi^ applying gentle heat to the flask, the 
muriatic acid of the muriate of ammonia combines 
with the lime, and ammonia is set at liberty ; this 
gas, being lighter than atmospheric air, ascends, 
gradually displaces the air from the bell glass, and ^,%2. 
takes its place. 

38. I9 this alhdlii oa/j^dkiU of being decomposed f 

Yes ; ammonia may be decomposed by the electric spark, or 
by a strong heat. If ammoniacal gas be passed through a 

gorcelain tube heated strongly, it is resolved with its elemente 
ydrogen and nitrogen, or if it be subjected to electrization it 
mail be likewise decomposed. 

39. What an the principal fdUs formed by ammonia and the 
acids f . 

The most important salts are the carbonate, muriate, and 
sulphate of ammonia. 

40. How is ca/rbonate of ammonia procured f 

All animal and vegetable substances will furnish ammonia 
when in a state of putre&ction ; this salt is, however, generally 
procured in England by a dry distillation of bones, horns, and 
other animal substances ; and may also be procured by distillar 
tion of muriate of ammonia, and carbonate of soda or lime, or 
by the direct combination of ammoniacal and carbonic acid 
gases, when solid carbonate of ammonia will be obtained. 

41. Whai a/re the uses of ammonia f 

In a liquid state ammonia has various uses in our manufac- 
tories,* and in medicine, it is a valuable re-agent to the 
chemist ; and whenv combined with carbonic acid it takes a 
concrete form and a beautiM white colour, being then the 
article known in commerce by the name of voUMe salts, 

* Ammonisk is of use in making arohil, aQ article in great demand 
•with dyers. 
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42. Are there any other usee to which ammonia is applied? 
Ammonia is serviceable in dyeing, and in staining ivozy ; 

but its principal use is in nuiking the muriate of ammonia, of 
which it is the basis. 

43. How is muriate of am/monia formed f 

Muriate of ammonia is formed by combining ammonia with 
muriatic add. It is known in commerce by uie name of ecd' 
ammoniac. It is prex>ared in commerce by lixiviating soot^ 
which contains a lat^ Quantity of sulphate of ammonia, and 
mixing the salt obtauied by evaporation of the liquor with 
muriate of soda, and heating the mixed salts in earthen vesels 
to which covers are luted ; oy double exchange of principles 
muriate of anmionia is formed, and passes from the hotter to 
the colder part of the vessels, where it forms into large cskkes ; 
it is also formed from gas liquor by saturating the carbonate 
of ammonia it contains with sulphuric acid, ai^ then treating 
the sulphate of ammonia in the manner mentioned above. 

44. Muriate of ammonia being formed by two gaseous sub- 
stances, how does it acquire solidity f 

It may appear surprisiag that the union of two gases should 
produce a hard, ponderous body ; but this may l^ attributed 
to their loss of caloric. The bases of these gases having a 
greater affinity for each other than they have for caloric, they 
combine intimately whenever they come in contact ; and the 
compound having less occasion for caloric than the separate 
ingredients, the ^oric is given out, and a solid is produced.* 

45. What ojre the uses of muriatic of amrnonia f 

Muriate of ammonia or sal-ammoniac is used in many of our 
manufactories, particularly by dyers, to give a brightness to 
certain colours ; also by braziers, and tin-plate workers^ for the 
different kinds of soldering. It is the salt generally employed 
for the preparation of pure ammonia or its solution, and is fre- 
quently employed for &e purposes of preparing artificial free^ 
ing mixtures, in consequence of the large quantity of heat it 
alSorbs when dissoWin water. * ^ 

46. Is ammonia capable of entering into any other combtnor 
tionsf 

Yes ; ammonia is capable of forming salts with most^ if not 
all of the acids. 

* This mixture may be considered one of the most strUdng chemioal 
Gombinations -with which we are acquainted. Ammoniacal gas, and 
muriatic acid gas, are two of the most pimgent and volatile sabetanoeB 
known; they are so volatile and gaseous, that when in a state of purity 
neither of them can be condensed; and yet these gases are no sooner 
thrown together than they form a solid and inodorous sobstance, void 
of volatility, and of little taste. 
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47. Can you recapittdate the origin of the cUfferent olhalieaf 
Ammonia is procured from bones and other animal mattcars, 
and also from soot and the liquid produced in the maifu&cture 
of coal-gas ; potash, from the ashes of weeds and burnt wood ; 
8oda» from the ashes of some marine plants, also from sea-salt ; 
and Hthia, frx>m the minerals spodumene and petalite. Ammonia 
is at once recognized by its volatility ; potash, by the salts it 
forms with si^huric and tartaric acids, and the chloride of 
platina ; soda by its not giving a precipitate with the two latter, 
and forming a very soluble sut with sulphuric acid ; and lithia 
by the colour which it gives to flame. 



IX. THE EARTHS. 



1. )l%a^ard</^j9nn(»j9a^c^amc^«^^ear^f 

The earths in general are incombustlDle and unalterable in 
the fire ; when combined with carbonic acid they are insoluble - 
in water, or nearly so ; and of a specific gravity seldom es- 
oeedii^ five times that of water. 

2. How mcmy earths are th^re f 

There are known at present ten substances to which the 
name of earths has been given, baryta, strontia, lime, magnesia, 
silica, alumina, glucine, ;^tria, zircon, and thorina. 

3. How can we recognize an earth in 8olt£tion f ' 
By its not giving a coloured precipitate with the ferro-prussi- 

ate of potash or tincture of galls, and forming with the alkaline 
carbonates a precipitate insoluble in water. 

4. Are these earths simple bodies f 

The earths were formerly supposed to be simple bodies, or 
dements. They are now known to be compounds of oxygen 
with different metals. Baryta, consisting of the metal barium 
and oxyg en, strontia, of strontium and o^gen, &c. 

6. "Why a/re sorne of these earths called alkaline earths ? 

Barytes, strontia, and lime, are called alkaline, because they 
agree with alkalies in taste, causticity, solubility in water, and 
in their effect on vegetable colours. Magnesia also slightly 
affects vegetable colours. They can at once be disting^uished 
from the alkalies by their infusibiliiy by fire, b^ forming in- 
soluble compounds with carbonic add^ and by being insoluble 
in alcohol. 

6. What are the chief properties of sHex^ or silica f 

SHex, or pure flint, is insoluble in water,"*^ and in every acid 

* Wo cannot by any means dissolve silez in water. Katore, how- 
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except the flaoric ; it endures a very strong heat without altera- 
tion, bnt may be fused by means of the ozyhydrogen blow- 
pipe ; when mixed with soda or potash, becomes fi^ible in a 
strongnre into glass. Its En)ecific gravity is 2*65. 

7. Mow do 2/ou procure mica in a pwre state f 
ffliould pure silex be wanted for chemical experiment, it may 

be procured by Aising common flint-stones with three or four 
times their weight or potash, dissolving the product in water, 
and then taking up the alkali bv the addition of an add, which 
will predpitate the silex, which is to be well washed lor use. 
The siliceous stones should be previously heated red in a 
crudble, and plunged in that state into cold water. This will 
render them oritue, so that they may easily be reduced to 
powder before they are mixed wim potash. 

8. To what class of bodies does sUica seem ^omrly to hdong f 
Silica, properly speaking, is an add ; though it has not an 

add reaction on test-paper in consequence of its insolubility in 
water, yet from the reamness with which it combines with the 
alkalies and some of the earths, it seems properly to belong to 
this class. It also, at a high temperature, dismaces carbonic 
acid from its combination with the alkalies with effervescence. 

9. In what state is silea: found native f 
Silica^ or siliceous earth, is found in quartz, in rock-crystal, 

gravel, sand, and most of the precious stones. It is also the 
chief ingredient of those stones which seem to constitute the 
most bulky material of the solid parts of our globe. 

10. What are the chief uses of stlex f 
Silex is the most durable artide in the state of gravel for 

the formation of roads ; it is a necessai^ ingredient in earthen- 
ware, porcelain, and cements ; is the basis of glass, and of all 
vitreous substances ; and is an indispensaible artide in mv^J 
of our chemical furnaces and utensils. 

11. What is the use of silica in glass-making f 
Silica is the chief ingredient in glass. It is r^idered fusible 

by a due mixture of alkali, which acts as a flux to the silica^ 
and renders the whole transparent.* 

12. Are these the ordy artides necessary to form glass f 
In Holland, and some other parts of Europe, glass is manu- 

ever, by some wonderftd and unknown process, oontrives to diaaolye it, 
even copiously, so as to form stalactites and other incrustations. 

* Glass cannot be made without great heat, as the alkali strooely re- 
tains the last i)ortion8 of carbonic acid and water, and it is omj at a 
very high temperature that the alkaii fuses, and then it prefiers the 
Bilez : for it is one of the laws of nature (to which there are few ez«ep- 
tions), that, in order that two bodies may become chemMoUy uniteo, 
one of them must be in state of fluidity. 



ALUMINA, 91 

ia/Bbared with alkali mi aand only; but ia Eo^laad, flinV^Iafis 
is made by a mixta)re of red lead with those suDstauoes ; 'miich 
gives the glass great weighty and makes it more useAjl for all 
eommon purpoees. 

13. WwarethechirfpropeHmofaltiminaf 

AlnmiTia, or pure clay, is soft to the touch ; adhesive to the 
tongue ; emits a peculiar odour when moistened ; forms a paste 
with water ; will unite with most aoids ; and acquires great 
hardness, and contra<sts in the fire. Its specific gravity is ^. 

14. Jn what state is alumina found native f 

This earth acquired its name &om its being the basis of 
alum ; it has also been called argU, as it is the principal part 
of all clays ; it is found in a state of crystallization in the 
sapphire, and is united to the oxides of iron iu the ochres ; 
and also forms a part of many precious stones. 

15. How may we obtain pure dLvminOt t 

By decomposing the salt called aluoL which is a sulphate of 
alumina and potash by ammonia, whicd unites with the acid 
and the alumina is precipitated. 

16. What are iM chief uses to which altmma has bem applied ? 

Alumina in the state of commm clay* is employed ^r vari- 
ous purposes, on account of its aptitude for moulding into 
different forms, and its property of hardening in the fire ; such 
as for making bricks, earthenware, porceMo, crucibles, &c 
Its uses are so various and important^ that we cannot conceive 
how man could have attained his i^resent degree of civilization, 
if this earth had not been given him in abundance by nature. 

17. Is alumina employed in forming any chemical eonibina- 
lions f 

Aluminous earth is employ^ in difierent combinations by 
the dyer and the calico-printer, as a mordant for fixing various 
colours ; and upon the Continent it is artificially combined 
with sulphuric acid, in order to form alum, though we possess 
the compound ready formed in its native state.t 

* Gommon oUy if a mixture of alumixui and idlex. It frequently 
oontainB metalUo oxidee, ohalk, and other earths, Alamiua, umted to 
the oxides of iron, is found in StaffordBhire and Derbyshire, in which 
state it is called raddle, an artiole very useful in colour-making. Ful- 
lers' earth is alumina combined with verv fine silex. It is owing to the 
affinity which alumina has for greasy suDstanees, that this article is so 
useful in scouring doth. Hence pipe<olay is frequently used for' the 
same purpose. 

•t* In Bngland alum is prooured firom alum-date. This is found on 
the sea-coast of the north-east part of Yorkshire, from Whitby to Stock- 
ton, a distance of about 60 miles. The date, when prooured, is broken 
to pieces by the aid of fire, and afterwards further acidified, by being 
frequently moistened, and by exposure to the air* When the efflores- 
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18. Why do potters employ a mixture of alumina and sUex 
for earthentoare f 

In making earthenware a due proportion of botli these earths 
is necessary ; for if alumina alone were used, the ware could 
not be sufficiently burnt without flhrinking too much, and per- 
haps cracking ; and a great excess of silex would lessen the 
tenacit^and render the ware brittle^ 

19. Whoaiedrconia? 

Zirconia is a peculiar earth, found only in the gems called 
zircon and the hyacinth of the island of Ceylon. It was dis- 
covered by Klaproth, in the year 1793. The stone from whidi 
he procured it came from Ceylon ; but the same stone has since 
been found in various parts of Europe. 

A mineral from Greenland, called compact hyacinth, has been 
lately analyzed, and found to contain 10 per cent, of zirconia. 

20. WiuU aa^ the properties of drconiaf 

Zirconia, when separated from the precious stones in which 
it is found, has tiie form of a fine white powder, destitute of 
taste and smelL It is soluble in the acids and the alkalino 
carbonates, but differs from all the other earths in not being 
soluble in pure alkalies. Its present scarcity prevents our 
employing it to any useful purpose. 

cence has tftken place, it is pat into liziviatiii|r vessels for the extrao- 
tion of the salt. The saline liquor is then boiled down to the j^roper 
strenp^ for crystallization; previous to which is added a portion of 
alkah, to saturate the superabundant acid, and to iavoiir the crystal- 
lization. Indeed, alum cannot be made without a portion of ammonia 
or pota^, as it is a biple salt. All alum is either a sulphate of alumina 
and potadi, or a sulphate of alumina and ammonia. 

* For making pottery or earthenware, the cla^ is beaten in water, 
b^ which tiie fine parts are suspended in the fluid, while the coarser 
smk to the bottom of the vessel, l^e thick li<|uid is further purified 
by passing it through hair and lawn sieves of different degrees of fine- 
ness, and is afterwards mixed with another liquor of about the same 
density, consisting of ground flints. This was the composition of the 
whUe dtvne ware, about forly jrears ago the staple manufacture of the jrat- 
teries of this longdom ; and it is also that of the finer earthenwares at 
present in use, though in different proportions, and with various im- 
provements, introduced by the ingenuify of succeeding manufacturers. 
This mixture is then dried in a kun, and after being beaten to a proper 
consistence, becomes fit for being formed by the workman into dishes, 
plates, bowls, &c. The fine white and cream-coloured earthenwazes 
now made in England are fired twice, — ^the first time to give them the 
requisite hardness; and in that state they are called biscuU ; they are 
then dipped in a vitreous composition, and being sulnected to a second 
bumin^y acquire a coating of true glass, tilience called a glaze. If they 
are finished with painting in enamel, it is necessary to pass them a 
third time through the fire. The different colours are given to porce- 
lain by means qf different metallio oxides* 
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21. Whenee do we procure glucinef 

The peculiar earth called glucine lias been foimd only in the 
emendd and beryl, precious stones procured trom Peru and 
from the mountains of Siberia. 

22. What are the properties of glueine F 

Glucine, when separated from the stones which contain it^ 
is a soft, light white powder, without taste and smell ; adhesive 
to the tongue like alumina ; infusible by heat ; but soluble in 
the adds, with which it forms soluble sweet-tasted salts (from 
whence its name from the Greek word yXuxve, sweet), slightly 
astringent. This earth is not very plentiful, nor haa it yet 
been e mp loyed in the arts. 

23. Wiat is the origin ofyttria ? 

Tttria is a peculiar earth which was discovered by Gadolin, 
in a mineral named Gadolinite, found in Yetterbv in Sweden, 
which also contains iron, man^emese, lime, and silez* 

24. How is yttria to be distinguished f 

Tttria, when separated from the mineral, is in the form of 
a fine, insipid, white powder. It forms sweet and coloured 
salts with the acids, is insoluble in the caustic alkalies, but 
easily dissolved in a solution of carbonate of ammonia. 

25. Whai is the origin of baryta f 

Baryta was discovered by Scheele in combination with sul- 
phuric add, in a mineral called ponderous spar, afterwards 
terra ponderosa. It is chiefly found in this state in England, 
and in other parts of the globe. 

26. Is this ea/rth found %n any other states ? 

Tes ; it occurs in Northumberland, Cumberland, and Lan- 
cashire, in large masses combined with carbonic acid ; and also 
in France in combination with the oxide of manganese. 

27. How may we procfwre pure baryta f 

We may obtain this earth pure for chemical purposes, bv 
dissolving the carbonate of barytes in very weak nitric acid, 
by which meaos the carbonic add will be expelled, and then 
in the usual way, by proper evaporation, ciystals of nitrate of 
baryta will be formecU dj exposing this salt to a strong heat, 
the nitric acid will be expelled, and pure baryta will be left in 
the crudble. We can also obtain it by decomposing the sul- 
phate of baryta, by mixing it in fine powder with charcoal, 
and exposing the mixture to a strong heat ; by this means we 
decompose the sulphuric acid and convert the sulphate of 
baryta into sulphuret of barium ; if we dissolve this m water 
we can obtain nitrate of baryta by decomposins it by nitric 
odd, and from the nitrate obtain the pure earth by heat. 

28. Whai are the properties of baryta? 

Baryta is of a grayish-white colour; when fresh prepared 
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it slakes like quicklime, if water be poured upon it, and forms 
a liydi^te. It changes the vegetable blues like alkEdies, hajs a 
pungent caustic taste, and is a violent poison. It may be 
known from the other earths by its solubility in water,* by its 
forming an insoluble compound with sulphuric acid, and l^ its 
tinging flame green. Its specific gravity is 4'00. 

29. What are the ww cfoarytal 

Baryta forms some of the most useftd chemical tests for sul- 
phuric acid, which it separates from all other bases and forms 
an insoluble compound with it, whether in its pure state dis- 
solved in water, or combined with particular acids ; in muri- 
atic add also it is employed as a medicine. It is capable of 
making a very tenacious cement, but has not been applied to 
any use in the arts, though sometimes employed in the form, 
of sulphate as a white paint 

30. What is the origin of stroniia f 

Strontia was first discovered about the year 1737, in a 
mineral brought from the lead-mine of Strontian in Argyleshire, 
by Professor Hope, That mineral is a carhoiuxte of strontian, 
and has been since foimd in Braunsdorf in Saxony, and also in 
Peru. 

31. Is this earth found in any other 4ate f 

Strontia^ combined with sulphuric add, has been fotmd in 
various parts of the world, particularly near Bristol, where it 
exists in such abundance as to be employed in the repairs of 
the nei^bouring roads. 

32. What are the properties of strontia f 

Strontia, in its pure state, is like baryta, soluble in water ; 
it is of a grayish-white colour ; its taste is acrid and alkaline, 
but less so than baryta or the alkalies. It is not poisonous ; 
and its solution in water is capable of crystallization. It gives 
a carmine tinse to fiame, which is the chief characteristic that 
distinguishes it from bai^ta. If we mix some of the muriate 
of strontia with spirit of wine, and inflame it, the spirit will 
be tiDged of a rich carmine red colour. 

33. Mow do we obtain pure strontia f 

It may be obtained from the native carbonate, and sulphate^ 
by precisely the same process as that directed for the prepara- 
tion of baryta. 

34. WhaJt are the uses of strontia? 

Strontia, though it combines readily with all the iKiids, and 
possesses alkaline properties, has not hitherto been employed 



* Boiling water will dissolve half its weight of this earthy part of 
tihich will crystallize on cooling. 
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except as a chemical test and in the manufacture of artificial 
fire-works.* 

35. What are the properties of lime f 

Lime is a solid substance, of a white colour ; of a hot caustic 
taste ;^ it dissolves in about 800 times its weight of cold water, 
in wMch it is more soluble than in hot ; it dumges vegetable 
blue colours to green, and unites with adds ; is incapable of 
fusion, except at a very high temperature ; slaked or combined 
with water it sives out a great quantity of caloric, and forms 
a hydrate, and it absorbs carbonic add when exposed to atmo- 
spheric air. t 

36. In what state is lime found in nature P 

Pure lime is never found native ; it is, always in a state of 
combination, generally with an acid, and most frequently with 
carbonic acid, as in cnalk, marble, limestone, &c» It is found 
also combined with sulphuric acid in gypsum, or plaster of 
Paris. It exists in some vegetables, in sea and river water, 
the shells of fishes, and the bones of animals4: 

37. How is pure lime procured ? 

Carbonate of lime, by whatever name it is called, whether 
chalk, marble, limestone, &c., is to be broken into convenient 
pieces, and piled with coaJ, stratum super stratum, in kilns, 
where it is kept for a considerable time at a strong heat. By 
this means the carbonic acid and water are driven o£^ and 
toleraUy pure lime is the product. 

38. WMxt cvre the chirf uses of lime? 

Lime, united with the adds, is applied to various tiseful 
purposes, and forms a large portion or the solid &bric of the 
globe. In a separate state it is used in many of the arts^ par* 
ticularly in making mortar for buildings. Also by farmers as 
a manure ; bv bleachers, § tanners, sugar-bakers, soap-boilers, 
iron-masters, II and others, in their several manufiictories, and 
in medicine. 



* If wd mix iogeiher nitrate of strontia, etdphur, chlorate of potash* 
and diarooal, Uie miztim will show thA fine oolour imparted to flame 
by this earth. 

f It is for this reason that lime-water, when exposed to the air, is 
quickly covered with a thin pellicle. This is carbonate of lime, formed 
\sj the combination of the carbonic acid of the air with the lime. 

X It may be remarked, that while testaceous shells are formed with 
carbonate of lime, the wells of crustaceous animals, and the sheUa of 
birds' eggs, contain also a portion of phosphate of lime. 

§ Combined with chlorine it forms the salt so extensively used in 
bleaching. It was by the andents used for bleaching in its pure state. 

Ij The iron ores that are wrought in this country contain a large por- 
tion of alumina and silica. In order, therefore, to flux these earths, 
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39. HcAD do you explain the operation of lime in forming 
mortar and cements f 

Pure lime has, when united to a certain portion of water, a 
very strong affinity for silex, another most essential ingredient 
in mortar and cements ; for without this it never l^rdens ; 
but when mixed in proper projsortions, the whole dystallizes 
as it gradually imbibes carbonic acid from the atmosphere, 
and thus in a series of years becomes as hard as nnbumt lime- 
stone.* 

40. How does lime act so as to he of use as a manure for land? 

The use of lime in agriculture may be attributed to a pro- 
perty of hastening the dueolution andputrefiustion of all ammal 
and vegetable matters, and of impartmg to the soil a power of 
retaining a quantity of moisture necessary for the nourishment 
and vigorous growth of plants, com, &c ;t but there is no 
good soil that does not contain a certain portion of lime, though 
always^without exception, combined with carbonic acid. 

41. YfhaJt is the use of lime in the operation of tanning 
leather^ 

Lime is used by the tanner in a state of a solution ; in this 
the hides are immersed in order to dissolve the sebaceous part 
of the skin, and to fsusilitate the removal of the hair. 

42. How is lime used in riming sugar f 

By boiling the sugar in lime-water the mann&cturer deprives 

and more effeotnaUy separate the iron, a (](iiantity of lime is nsoally 
mixed with the ore in tne fdmaoe, lime having the property of render- 
ing the other earths more frudble. 

* When lime is made into mortar, it takes a lone time in aoquiring 
the portion of carbonio acid which it possessed in the quarry ; out tiie 
mortar hardens as this absorption takes place. This acooonts for the 
great strength of some ancient buildings, in which the mortar is found 
to have a greater degree of firmness than even limestone itself. 

f Hence lime and chalk are found to be particnlarly useful on sandy 
soils. JiCarl is a mixture of carbonate oi lime and clay. Murls are 
useful in agriculture only in proportion to the calcareous earth they 
eontain. Unless they contain more than 30 per cent, of lime, they are 
of no value to the fistrmer. Of all the modes of trial, the one best suited 
to the unlearned farmer is to observe how much fixed air the marl gives 
out ; and this he will learn by dissolvmg a little of it in diluted muriatio 
acid, and observing what portion of its weigl^t it loses by the escape of 
this air. Thus, if an ounce loses only 40 grams, he may conclude that 
the ounce of marl contained only 100 grains of calcareous earth, and 
tiiat it would be his interest to pay seven times as much for a load of 
lima as he must pay for a load of marl at the same distance. 

Every farmer should ascertain the nature of his lime before he uses 
it in anicolture, as there are many extensive districts in England 
where the lime is contaminated by magnesia, which renders it ixgurious 
to the growth of vegetables. 
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it of the free acid that may exist in it^ which would interfere 
with its crystallization. 

43. Whcut is the use of lime in Hie vnanufactwre of soap f 
Lime is mixed with the alkali in order to deprive it of car- 
bonic add, lime having a stronger attraction for carbonic acid 
than the alkalies have. The alkali is thus rendered what is 
called caus^Cy and in this state combines with the oil or tallow 
which is to be converted into soap. 

44. Does lime exist in nature in comibination with other acids, 
besides those already mentioned f 

Lime is found also combined with phosphoric and fluoric 
acids. The Derbyshire spar consists entirely of fluoric add 
and lime. 

45. What is magnesia? 

Magnesia is a soft, white, light earth, with little taste or 
smell ; unalterable in the fire, and almost insoluble in water — 
its solution having a very slight action upon vegetable infu- 
sions ; and when combined with sulphuric add forms a purga- 
tive salt very easy of solution. 

46. How is magnesia procured f 

Magnesia is never found in a state of purity, but is generally 
procured from sulphate of magnesia (Epsom salt), which exists 
with the muriate of this earth in sea water and in many 
springs ; it is also found in many mineral substances. 

47. What are the uses of magnesia f 

Pure magnesia, as well as the sulphate and carbonate, has 
important uses in medicine. It is also required in some chemi- 
cal processes, and is employed by the manufacturers of enamels 
and porcelain. It is the most eflectual antidote in case of 
poison by the mineral acids. 

48. How do we discover the presence of magnesia in sdu- 
tian? 

We can at once discover magnesia in solution by means of 
ammonia and phosphoric acid, magnesia forming with them a 
triple salt ; the phosphate of magnesia and anmionia, which 
being nearly insoluble, is precipitated firom the solution. 

49. What is thorina f 

Thorina was discovered by Berzelius, some years since, in a 
rare mineral named thorite ; it is a white substance, soluble 
in sulphuric add, and precipitated from its solution by the 
caustic alkalies, in excess of which it is insoluble. It is pre- 
dpitated from its solution by ferro-prussiate of potash. 

50. Are there not instances in nature of the earths entering 
into coTnhination with each other f 

Yes ; minerals are found, in which the earths are combined 
in different proportions by processes unkno^^ to us, which 

a 
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nature employs to produce that endless variety of what, in 
common language, we call rocks, stones, gems, &a 

51. T<m nave enumerated the separate ^t9e9 of most of ike 
earths; — can pou recollect the collective advantages which arise 
from this class of bodies f 

The uses of many of these earths are not yet discovered ; 
but the benefits which we derive £rom lime, clay, silex, and 
ma^esia, are various and important. Lime has an extensive 
and important use in agriculture ; it is empfoyed in buildings 
&a, and adds much bow to the neatness and durability of our 
dweUings. Silica is the baais of all mortar and cements, and 
is a necessary ingredient in earthenware, porcelain, and glass. 
Baryta is employed in chemical laboratories as a re-agen^ and 
for the formation of salts. Magnesia, besides being the basis 
of several salts, is of great use in medicine ; and alumina, by 
a due mixture with silex, is capable of forming vessels for 
chemists that wUl resist the action of the most concentrated 
adds ; it is the material of which the bricks are formed which 
construct the walls of our habitations, and la also spread out 
in strata within our hills and mountains, to arrest the progress 
of subterraneous waters, cmd to produce those springs that 
fertilize the valleys, and which take such diversified oouraes 
upon the surface of the globe. 
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L What is a salt? 

When an acid is combined with an alkali, an earth, or a 
metallic oxide, it forms what is called a salt There is aze 
other class of salts formed by the union of chlorine, iodine^ 
bromine, and sulphur with metallic bases ; to this class b^ongs 
common salt, and all other metallic chlorides, * iodides and 
bromides. 

2. How many salts are there ? 

As the adds are capable of forming various combinations 
with the different earthy, alkaline, and metallic basest the 

* To give the pupil a clear idea of this class of bodies^ it may be ad- 
visable to set him to fona some of the salts from their component jtarts. 
He nught be directed to pour a little sulphuric acid into a sdution of 
soda in water, to evaporate the superfluous water, and then to notice 
the crystallization of the new-formed salt: if the liquor be aUowed to 
stand (Quietly for a few hours in a cool place, he may observe ^e salt 
shoot vpXxi beautiful crystals of sulphate of soda. 
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precise namber of the salts is not known. Probably they 
amount to some thousands. 

3. What method hcts been taken to distinguuh the different salts f 
Modem chemists have adopted a new nomenclature for this 

purpose, which is simple, ingenious, and useful. 

4. How are the salts digtinguished by this nomendoitwre f 
'Every salt has a double name, one part of which indicates 

its add, and the other its base ; so that, in a collection of many 
hundred different salts, the composition of each is immediately 
known by its appellation. 

5. Can you explain the manner in which this is effected ? 
All substances which are compounds of metallic oxides, 

earths, or alkalies with the sulphuric add, are called sulphates; 
with the muriatic add, mttriates; with the nitric add, nitrates; 
with the carbonic add, earboTiates, &o. &c. 

6. Ih the advantages which we derive from the nomeneiattire 
compensate for the inconvenience of changing the names of so 
many substances f 

The new nomenclature, by its sdentifio dassification of 
bodies, gives such a &dlity to the acquisition of chemical 
knowledge, that this alone would have been sufficient to have 
justified chemists in adopting it ; but its contrivance for 
pointing out the nature of its substances bearing the new 
names, gives it advantages fiir surpassing every inconvenience 
attending the alteration. 

7. Ikscribe the TMttire of some of these advantages f 

The saline compound, formerly called Glavber*s salt, is now 
called sulphate of soda, for it is a combination of sulphuric 
add and soda ; what was called gypsum, or plaater of Paris, a 
compound of lime and sulphuric acid, is now called sulphate of 
lime ; in like manner what was called green copperas, is now 
sulphate of iron, that substance being a compound, not of 
copper, as the old name seemed to import, but of oxide of iron 
andf sulphuric acid. * 

8. Have theframers of this nomendature, been equaUy happy 
in the choice (ff ruvmes for the salts which are composed with the 
other acids? 

Yes ; the principle upon which the nomenclature is formed 
is such, that the composition of every salt is designated by an 
appropriate name with the utmost perspicuity. 

9. According to the new nomenaaturey what is the common 
culinary salt called f 

* It IB neceesary to remark, that when an acid is combmed with two 
banes, the names of both are subjoined to that of the acid. Thus we 
^y sulphate of alumina apd potash, and tartrate of potash and soda. 
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Common salt was called by the framers of the new nomen- 
dature muriate of soda, on the supposition of its consisting of 
muriatic acid and soda ; it is now more correctly named chlo- 
ride of sodium; as it consists^ in its dry state,* of these 
elements alone. 

10. Wh(xt do you oaJH saltpetre ? 

Saltpetre is called nitrate of potash; it being composed of 
potash and nitric add. 

11. What is chaHJk now called f 

Chalk being a compound of lime and carbonic acid, is called 
carbonote of lime, 

12. These bodies were formerly called neutral salts; why is not 
tJuxt term now apjfi^Aed as before? 

No salt can strictly be called neutrcd except such in which 
the acid is completely neutralized by the base, and the base 
by the add, so as to be mutually satiirated by each other. 

13. /« not thai the ease with aU saline compounds ? 

No: some have an excess of add, as cream of tartar; and 
other salts have an excess of base, as common borax. 

14. How are svtch salts distinguished? 

When a salt is found to contain an excess of acid, the prepo- 
sition SUPER is sometimes prefixed to its name ; but when it 
does not contain a sufficiency of acid to saturate the base, the 
preposition sub is added ; as super-tartrate of potash, and sub- 
borate of soda. It is, however, better to name the lowest com- 
bination of an acid with a base, by the generic names of each, 
and to express the other combinations of an acid with the 
same base by the prefixes bi, tri, &c. ; thus we have the sul- 
phate and bisulphate of potash ; where there is a combination 
consisting of an acid ana base united in the proportion of one 
to one and a half atoms, we will express it by the prefix sesqui, 
thus we have the carbonate and sesqui-carbonate of ammonia. 

15. Some salts are formed with acids not fvUy oxyaenized, as 
the sulphurous and phosphorous adds ; how are sum salts dis- 
tinguished? 

AM salts composed with adds ending in otts, take an ending 
in ite, instead of ate. Thus we say sidphite of lune, or phosphite 
of potash. 

16. Having shown the nature of the present chemical nomen- 
dature as far as respects the salts, it wiU now be necessary to enter 
on the consideration of each genus separately. Therefore, what 
are the generic characters of the siUpnates ? 

* Formerly the word salt was confined to muriate of soda. No 
other Bubstance was then known as a salt, Afterwards the acids an4 
alkaues were called salts also« 
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The sulphates have generally a bitter taste ; are precipitable 
from fluids by a solution of baiyta ; and afford sulphurets when 
heated red-hot with charcoal. 

17. Canyou enumerate a few cf the principal mdphuric salts f 
Among the principal of them are sulphate of baryta, sulphate 

of strontia, sulphate of potash, sulphate of soda, sidphate of 
lime,* sulphate of magnesia, sulphate of ammonia^ sulphate of 
alumina, and sulphate of alumina and potash. 

18. What are the generic characteristics of the sidphites ? 
The sulphites have always a disagreeable sulphurous taste ; 

they are decomposed by the nitric, muriatic, and some other 
acids which do not affect s^phates ; if exposed to fire they yield 
sulphur, and become sulphates ; and are converted into sul- 
phates even by exposure to the action of the atmosphere. 

19. Can you enumerate some of the sulphurous sous ? 

The principal are the sulphites of barjrta, of lime^ of potash, 
of soda^ of ammonia, of magnesia, and of alumina. 

20. What are the generic characteristics of the mwiates or 
hydrochloraJbes ? 

The muriates, when acted upon by concentrated sulphiiric 
acid, yield muriatic acid in the form of gafl ; and when oy the 
nitric acid, chlorine gas. Some of them are the most volatile, 
and yet the least decomposable by fire, of all the salts ; not 
being perceptibly altered by being heated with combustible 
substances. 

21. Can you enumerate the chief cf the muriaitic sdlis f 

The principal of the muriatic salts are the muriates of baryta^ 
of potash, of soda,t of strontia, of lime, of ammonia, and muri- 
ate of magnesia; these may however be all, with the exception 
of muriate of ammonia, considered as chlorides or compounds 
of chlorine, with the metallic bases of the several alkalies or 
ekrths. 

22. What a/re the generic characteristics of the chlorates f 
The chlorates yield very pxure oxygen gas by the action of 

heat, and are thus converted to chlorides, and muriatic acid 

* Sidphate of lime is found in abundance in Staffordshire, Derby- 
shire, and other counties of England. The hills around Paris are com- 
posed entirely of this earthy salt; hence its; name, plaster of Paris, 
When burnt and ground it is miscible with water, for which it has so 
great an affinity, tiiat it becomes solid almost immediately. This pro- 
perty renders it an excellent substance for forming busts, cornices, &c., 
which are very durable, if protected from the weather, and not exposed 
in damp situations. 

f Muriate of soda is the salt which has been longest known. It is 
our common culinary salt, and is supposed to furnish the necessary 
supply of soda to preserve the bile in an alkaline and antiseptic condi- 
tion. 



102 SALTS. 

wlien heated with these s&lts decomposes them, and euchlorine 
gas is given off (see chap. vii. 27). When mixed with com- 
bustible substances, they detonate with great violence, by mere 
friction or percussion, and sometimes spontaneously.'^ 

23. Can yfyu, enumercOe the chlorates f 

The chief are the chlorates of potash^t of soda, of baryte% 
of strontia, and of lime. 

24. What are the generic characterietica of the nitrates f 

The nitrates yield oxygen gas mixed with nitrogen gas by 
the action of heat ; they give out white vapours of nitnc acid 
when acted on by concentrated solphnrio acid ; and when mixed 
with combustible substances, produce at a red heat inflammar 
tion and detonation. This may be shown by heating a little 
nitre in a crucible, and throwing powdered charcoal upon it. 
The charcoal will combine with the oxygen of the nitnc add, 
and pass off in the state of carbonic acid gas ; except the part 
that combines with the potash, and remains in the crucible. 

25. What are the generic chcaracteristios of the earbonatee f 
All the alkaline carbonates are soluble in water ; those of the 

earths and metals are nearly insoluble, unless the add be in 
excess ; and they all effervesce, and give out the oarbonio add, 
when treated with the stronger adds. 

26. Endeavomtoenumero^thsprinGi^OQi/ii^^ 
combined with this add. 

The carbonates of baryta, of strontia, of lime, of potash, of 
soda, of magnesia, of ammonia, of iron, of lead, and of manganese, 
are the principal carbonates that occur* All these, except the 
alkaline carbonates, are found in the native state. 

27. What a/re the generic chara^jteristics of the phosphates f 
The phosphates are fiisible either into opaque or transparent 

glass ; are phosphorescent at a high temperature ; are soluble 
in nitric acid without effervescence ; and are predpitable from 
their solutions by lime-water. 

28. What a/re the chief phosphoric salts t 

* By gently triturating 3 srainB of this mlt, and 1 of Bolphnr, in a 
mortar with a metallio pestle, a seriefl of detonations will take places 
resembling/the cracks of a whip. If stmdE on an anyil, the report is 
OB loud as a gun. But too great caution cannot be exercised in the uso 
of this salt. Three parts of it, with half a part of sulphur and half a 
part of charcoal, produce most violent explosions* 

*t* Chlorate of potash is used not only for experiment, but also in 
medicine. !From its explosive effects, Berthollet was induced to pro- 
pose it as a substitute for nitre in the manufacture of gunpowder. The 
attempt was made ; but no sooner did the workmen begin to triturate 
the mixture than it exploded with violence, and proved &tal to two 
individuals who were near it. 
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The phosphates of lime * of soda, and of ammonia, and the 
phosphate of soda and ammonia^ fonnerly called microoosmic 
salt. 

29. Wha$ are the feJieric charctcterisHCB of the phosphites f 
The phosphites yield a phosphorescent name when heated ; 

and in a strong fire give out a portion of phosphorus, by which 
they become converted into phosphates. They are fusible by 
a violent heat into glass. 

30. Endeanfour to enwnerate the principal phosphites. 

The chief of them are the phosphites of ume, of baryta^ of 
potash^f soda, and of ammoma. 

31. WhcU are the gei%erio charaeteriatics of the fluorides f 
The fluorides may^ be decomposed by strong sulphuric add, 

when the fluoric add in state of vapour will pass off, if the 
mixture be heated ; this vapour corrodes glass, and when 
condensed in water, forms liquid fluoric acid. They are not 
decomposable by mere heat, nor altered by combustible sub- 
stances. 

32. What are the dhief fluoric salts f 

Muate of lime, fluate of soda, fluate of ammonia, and fluato 
of alumina. 

33. What are the generic characters of the borates f 

The borates are all fusible into ^lass ; and, with most of the 
metallic oxides, form glasses of dmerent colours, f Concen- 
trated solutions of some of the borates, espedally that of soda, 
afford, by the strong adds, scaly ciystals of boradc add. 

34. Can you enwmerate the boracic salts f 

The prindpal are the borates of lime, of magnesia, and of 
potash ; and the borate of soda, which is called l^rax. . 

35. What is the distinguishing characteristie of the eurseniates t 
When heated with charcoal they are decomposed, and arsenic 

sublimes, which is known by its alliaceous or garlic smelL 

36. Which are the chief sam formed with arsenic add f 
The arseniates of lime, of baryta, of magnesia, of potash, of 

soda, and of ammonia. 

37. What are the characters of the tungstates f 

The salts called tungstates are combinations of the yellow 
add of tungsten with the alkalies and earths. Most of them 
have a metallic and sharp taste. 

* Phosphate of lime is found in bones, milk, the fSBkrina of wheat, and 
some other animal matters. It is white, tasteless, and insoluble in 
water. Entire mountains in Spain are formed of this salt. It ia com- 
poeed of phosphorio aoid 8*5 parts, Hme 57. 

•f* For this reason th^y are frequently used as blowpipe tests, the na- 
ture of the metallio oxide to be examined by the biow-pipe being as- 
certained by tho colour it gives to the glass of borax (borate of soda). 
This salt is also used in the manufacture of artificial gems. 
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38. Which are the pnndpal salts formed with the twngstic acid? 
Tlie tungstates or lime, of magnesia, of potash, of soda, and 

of ammonia. 

39. Whca cure the ffenerio characteristics of the acetates ? 
The acetates are lul very soluble in water ; are decomposed 

by the action of heat ; and afford acetic acid when distilled 
with sulphnric acid. 

40. Wiich are the chief acetic salts ? 

We have the acetates of baryta, of potash, of soda, of lime, 
of ammonia, of magnesia, and of alumina. 

41. What are the generic characteristics of the oxcHaJtes ? 
The oxalates are decomposable by a red heat ; and lime-water 

precipitates a white powder (the oxalate of Hme) from, their 
neutral solutions ; wnich exposed to a red heat, is converted 
into carbonate of lime. The insoluble oxalates are soluble in 
an excess of the stronger acids. 

42. Can you enumerate the principal oxalic salts ? 
Oxalate of lime, of baiyta, of potasn, of soda, and of ammonia. 

43. What are the generic characteristics of Ae tartrates ? 
When the tartrates are exposed to a red heat, the add is 

decomposed, and the base remains. The earthy tartrates are 
less soluble than the alkaline, but all are capable of combining 
with another base, and forming triple salts. 

44. Can you enumerate the principal tartaric salts ? 

The principal are the tartrates of lime, of strontia, and of 
potash ; and the tartrates of potash and soda, and of potash 
and ammonia. 

45. What are the generic characteristics of the citrates ? 

The citrates are decomposed by the strong mineral acids ; 
and the oxalic and tartaric acids also decompose them. Solu- 
tions of these salts in water when long kept undergo decom- 
position. 

46. Which are Hue principdl citrates f 

The citrates of lime, of baryta, of potash, of soda, and of 
ammonia. 

47. What are the generic characteristics of the camphorates ? 
The camphorates have generally a bitterish taste ; they are 

decomposable by heat, and bum with a blue flame. 

48. Which are the principal camphorates ? 

The camphorates of lime, of potash, of soda^ of baryta, of 
ammonia, of alumina, and of magnesia. 

49. What are the generic characters of the svherates ? 

The several suberates differ so much in their properties, that 
it would be difficult to characterize the senus otherwise than 
by saying that they generally possess a oitter taste, and are 
decomposable by heat. 
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60. Vndch are the principal mbercUee f 

Suberate of baryta, of potash, of lime, and of ammonia. 

51. H<yu) are these different saUa hntyumfrom each other ? 
They are known by the pecuHar ;figure of their crystals, by 

their taste, by their solubility in water, the nature of theii* 
acids and bases, and other distinctive or specific characters. 

52. What is meant hy ike figure of their crystals ? 

There is a great variety in the form of crystallized salts ; 
and each salt preserves its own peculiar form : thus common 
culinary salt generally cr3rstallizes in cubes, and sulphate of 
Boda in six-sided prisms. 

53. How is the crystallization of salts effected ? 

When a certain portion of their solutions is evaporated, and 
the remainder left in a proper temperature at rest, the salts 
will form into crystals, * and will be found dispersed through 
the mother water at the bottom and at the sides of the vessel. 
In order that regular crystallization may take place, it is 
necessary that the fluid, whether water or caloric, or both, 
should be subtracted gradually. This gives an opportunity 
for the parts of the substance to unite regularly^ according to 
their several attractions, and to produce regular crystals, such 
as nature furnishes ; whereas, a sudden subtraction of the 
fluid causes the particles often to unite in a shapeless mass. 

54. What is meant by the mother water ? 

Mother water is the liquor which remains ailer a salt has 
combined with the portion of water necessary for its crystal- 
lization. By repeating the evaporation and cooling, the mother 
waters generally aflbrd &esh portions of salt, 

55. What is Uie cause of the crystallization of salts ? 

* It must not be imagined that all cryBtallization is owing to solution 
in water. Melted sulphur always ciystallizes on cooling, wMch is the 
case with many substances that have endured a strong heat. Many of 
the metals crystallize in this way, particularly tin and bismuth. No- 
thing can exemplify this kind of crystallization better than chloride of 
l&aAf commonly caUed patent yellow. It affords beautiful and regular 
czystals on cooling. K glass be kept in a red heat for a long time, and 
cooled gradually, instead of being the transparent body we generally see 
it, it wDi crystallize like metals. Dr. Garnet accounts for the origin of 
basaltes in this way. (See his Tour to the Western Isles,) The Giants' 
Causeway, in the county of Antrim, in Ireland, is a most stupendous 
natural curiosity of this kind. It is formed of perpendicular pillars of 
basaltes, which stand in contact with each other. The pillars are irre- 
gular prisms of various forms, from three to nine sides; but they are 
principally hexagons. The appearance of the whole is as neat as it is 
magnificent. The columns at Fairhead are 250 feet high, arranged in 
the utmost regularity and order; and &om the base to the level of the 
sea there is a precipitous dedivil^ of at least 300 feet, making together 
a perpendicular height of 550 ft. 
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The crystaUbsation of salts results ^m an attraction exerted 
among their moleooles, which causes them to cohere in masses 
of determinate form ; in many cases the water parts with its 
caloric of fluidity and takes a solid form. 

56. What %$ the iocOer eaUed which eomfnnee wvth 9atU daring 
their crystaUizaiUm f 

It is called the water of crystallization. 

57. Whoa ^jwmtUy of wcUer do saUa eomJbifM with dvtring 
their erystaUtzation f 

The quantity of water varies veiy much in different salts ; 
for thou^ some salts take up very Httle water^ others combine 
with more than their own weight, which is the case with almn, 
carbonate of soda^ and some ouiers. The quantity of water of 
crystallization is, however, always flxed and determinate in the 
same salts ; crystals of carbonate of soda, for example, always 
contain 62*5 per cent, of water ; crystallized sulphate of soda 
always 46*8 per cent.' 

58. Are aaUe as wnaUorcMe in their appearanceB as cAejr an 
in their chemical properties ? 

No ! crydaBdaed salts are liable to changes in their appear- 
ance by exposure to atmospheric air. Thus some salts deli- 
quesce, ana others effloresce, so as to lose tiieir crystalline form 
entirely by such exposure. 

59. TFi^i^meaTi^^y ^^c^«^'t<edOdnM^aME^<? 

Some salts have so great an ajffinity mr water, that i2iey 
absorb it with rapidity from the attnosphere. Such salts 
thereby become moist or liquid, and are said to deliquesce, 
when exposed to atmospheric air. 

60. Yfhait is meami hy the efflorescence of a salt ? 

Some salts, haviog less affinity for water than atmospheric 
air has, lose their water of crvstallization by exposure, and 
readily fall into powder ; sucn salts are ssdd to effloresce. 
Carbonate and sulphate of soda afford good examples of this 
1 property. 

61. Are salts capable of any other changes besides effloreecenee 
and ddiqitescence f 

Yes : salts have the properties of solubility and fusibilily, 

62. Whai is mea/ni ly the solubility of a scUt ? 

It is their capacity to unite with, and remam dissolved in 
water ; but the different salts possess different degrees of solu*- 
biKty, requiring more or 1^ of this fluid for their solution. * 

63. What is meafU by the fusibility of a salt ? 

Salts have not only the property of dissolving in water, but 

• We generally denominate all salts as insoluble which require for 
solution more than 1000 times their weight of water. 
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will beoome fluid by exposure to heat The different salts re- 

?[uire different degrees of heat to bring them to a state of 
dfiion. There are two kinds of frision, watery and igneous ; 
the former term is applied to those salts whiohy containing a 
large quantil^ of water of crystaUization, dissolve in this water 
and beoome liquid by a moderate heat ; of this species we have 
examples in sulphate aud carbonate of soda ; salts not com- 
bined with water of crystaUization or deprived of it by heat, 
may be made undergo igneous fusion by a strong heat* 
64. Ham the differe/nA saUa amy acUon upon each othat f 
Tea : we have many instances of salts mutually decompos- 
ing each other. 
66. Whai takes place in theiedeeomposUioruf 
When such salto are mixed in solution, the acid of the first, 
having more attxaction for the base of the second than for its 
own mse, unites itself to it, while the acid of the second com- 
bines with the base of the first ; so that two new salts are pro- 
duced^ differing in appearance, and possessing propertieB differ- 
ent mm. those of the original salts. 

66. What is the cause of this f 

It is occasioned by chemical attraction, and the operation 
itself is called double decomposition, or the effect of compound 
affinities. 

67. WhatuseisfiMdeofihnedecomfHmtionsf 

By these means many valuable salts are procured for the 
use of the chemist and the manufacturer, which can be formed 
in no other way. 

68. WhatlmcmedgehamweaUainedrespeetiffigthen^ 
Many of the salts are found native ; and since the science 

of mineralogy has been so much cultivated, great attention 
ha3 been paid to tJt^ese natural productions. 

69. WKixi salts are fwmished oy naiure in the greatest ahwv- 
dance f 

The carbonates, the sulphates, and t)ie muriates, are most 
abundant ; but some of the nitrates, borates, &c. are also found 
native. 

70. Which of the ca/rhonates ham been found ncaivef 

Of carbonate of Ume (known by the names chalk, limestone, 
marble, and calcareous spar), there are immense mountains in 
most parts of the world ; carbonate of baryta has been found 
in Lancashire and elsewhere ; carbonate of strontia, at Stron- 
tian, in Scotland ; carbonate of soda, in the natron beds of 
^gypt, and in the East Indies ; and carbonate of potash, as 
well as the carbonate of soda, have been discovered in some 
spring waters. 

71. Wliat sulphuric salts are found native? 



108 SALTS. 

Sulphate of soda is found in sea-'water and in salt springs ; 
sulphate of magnesia in spring water ; * sulphate of alumina^ 
in abundance at Whitby ; sulphate of baryta, in Derbyshire, 
and other parts of the world ; sulphate of strontia, in the 
neighbourhood of Bristol ; and sulphate of lime is an abundant 
mineral in the vicinity of Paris, and in several of the counties 
of England. 

72. Wh<a ncUim salU of muriatic cudd cure there f 
Muriate of lime and muriate of magnesia are found in abun- 
dance in sea-water ; muriate of ammonia appears in the neigh- 
bourhood of volcanoes ; and muriate of soda not only exists in 
immense quantities in the ocean, but vast mountains in differ- 
ent parts of the world are entirely formed of this salt. 

73. Whick of the niiric salts are found native f 

Nitrate of potash is collected in various parts of the globe ; 
nitrate of magnesia sometimes occurs in combination with that 
salt, and nitrate of lime is found also in the same combination, 
and likewise in calcareous stones, and in mineral springs : — 
these are the only nitric salts that have been found native in 
any large quantities, f 

74. Are antf other of the salts found native F 

Yes : vast rocks in Derbyshire and elsewhere are formed of 
fluate of lime ; borate of soda is found in a crystallized state 
in the kingdom of Thibet ; and phosphate of lime, which is 
the ba43es of all animal bones, exists native in Hungary, and 
composes several entire mountains in Spain. 

75. How do you imagirye these immense masses of salts have 
heen formed hy natv/re ¥ 

; The vast mountains of salts which occur in various parts of 

* Sulphate of magnesia and sulphate of lime are both very common 
in our spring waters; the last salt and carbonate of lime are the ohief 
causes of whiAt we caJl hard waters, which are very unwholesome and 
unfit for washing. When soap is used with these waters a double 
decomposition takes place ; the sulphuric acid of the sulphate unites 
with the alkali of the soap and forms sulphate of potash, or sulphate of 
soda, which remains in solution, while the magnesia or lune unites with 
the tallow, and forms an insoluble compound which swims upon the 
surface of the water like curds. In this way hard waters require much 
more soap for any given purpose than rain water, or waters which 
do not contain these earthy salts. Such waters are also unfit for boiling 
any esculent vegetable ; but they may be rendered soft by adding to 
them a veiy little carbonate of soda, or carbonate of potash, twenty-four 
hours previous to their use. By this addition, a double decomposition 
will be effected, and the carbonate of lime, a very insoluble salt^ pre- 
cipitated.. 

i* The BEdt mines near Cracow, in Poland, which have been worked 
ever since the middle of the thirteenth century, contain an imTWATWA 
store of muriate of soda. 
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the earth were probably formed in very remote ages, and by 
proceBses of which we can form no idea. It may be supposed 
that these changes have been slow and gradual^ as several of 
the native salts exhibit marks of regularity and beauty in 
their crystallization, which cannot be imitated by art 
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1. What are the characters of the metals f 

The general characters of the metals are, combustibility, 
lustre, opacity, fusibility, and the power of conducting elec- 
tricity. 

2. Are not maUeoMiii/, ductility, and great density, essential 
characters of melpls ? 

They were formerly considered so: but there are several 
metals which are neither malleable nor ductile, and some which 
have less specific gravity than water : for e2Lample, the metallic 
bases of the fixed alkalies. 

3. How are the metals proctired F 

They are generally found in the earth,* in a state of com- 
bination either with other metals, with sulphur, oxygen, chlo- 
rine, or with acids, though a few of them have occasionally 
been found in a state of purity.f 

4. By what methods are metals pttrijledfrom these substances f 
The metals are purified from their ores by various means ; 

such as washing, roasting, fusion, &c. ; but tne method must 
always be resnilated by the nature of the ore to be assayed. 

5. H<ni, mSni, metJ are there f 

There are forty-two distinct metals, which possess properties 
very different and distinct from each other. { 

6. How are the metals dossed by chemists ? 

They were formerly divided into two classes. The one con- 
taining the malleable, the other ^he brittle metals. This last 
class was sometimes subdivided into two others, viz., those 
which are easily and those which are difficultly fused. This 
classification is, however, abandoned as imperfect ; they are 



* Metals are generally found in mountainous countries, in such as 
form a continued chain. Granite rocks seldom contain any metallic 
ores. 

t €k>ld, silver, platina, and mercury, are generally found in a state of 
purity, or in the TiaJbive state. 

X The ancients were acquainted with only seven of these metals. 
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now divided into two classes, 1st, those which by union with 
oxygen produce earths and alkaUes {Vide pp. 82,89); 2nd, 
those which by union with oxygen produce neitber aUsalies 
nor earths. 

7. What are the chemdoal characters of the msUds f 

They are all electro-positive bodies ; most of them have a 
strong tendency to combine with oxygen, chlorine, iodine, and 
bromme, and also with sulphur and phosphorus ; and their 
union with these substances is often attended with extrication 
of heat and light or combustion. 

8. Aa we have already considered the properties of the metals 
of the first doss, will you enumerate the metals of the se^ondorderF 

There are in this daas twenty-eight metals.* 

1. Gold. 15. Cobalt. 

2. Platina. 16. Manganbse. 

3. Silver. 17. Tungsten, 

4. MeRCUAT. 18. MOLTBDENUH. 

5. Copper. 19. Uranium. 

6. Iron. 20. Titanium. 

7. Tin. 21. Chromium. 

8. Lead. 22. Columbium. 

9. KicKEL. 23. Palladium. 

10. Zinc. 24. Ehodium. 

11. BisMpTH. 25. Iridium. 

12. Antimony. 26. Osmium. 

13. Tellurium. 27. Cerium. 

14. Arsenic. 28. Vanadium. 

9. It vnU be necessary to consider eaeh ijf these metals sepor 
rately ; whcU is the nature of gold ? 

Gold is the heaviest of ail the metals, except platina, its 
specific gravity being 19*3 ; it is not very elastic, noir very hard ; 
but it is so malleable and ductile, that it may be drawn into 
very fine wire, or beaten out into leaves thin enough to be 
carried away by the slighter wind.t 

10. Where w geld found f 

. Gold is found most abundantly in Peru, Calif omia, Australia) 

* Of these metskLs, the three first have been called noble or peTfect 
metals ; because they stand the most intense heat of our fumaoea, ^th' 
out suffering oxidizement, or any diminution in their weights. 

+ According to Fourcroy, the ductility of gold is such, l^at one ounce 
of it is sufficient to ^d a silver wire more than thirteen hundred miles 
long; and such is its tenacity, that a wire one-tenth of an inch in 
diameter will support a weight of five hundred pounds without broskking. 
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and in many other parts of the world. It generally occurs in 
a metallic state, moat commonly in the form of grains and 
nodules. 

11. What cbre the effects of oxygen upon gold f 

Gold has so little afi^ty for oxygen^ that its oxides may 
be reduced to the metallic state by heat alone ; there are sup- 
posed to be three oxides of gold ; the peroxide is the only one, 
the properties of which are weU known ; it is found as a yellow 
powder by precipitation of the solution of gold in aqua regia 
by means of an alkali. 

12. Whai salts of gold are there f 

There is only one salt of this metal that is much known to 
chemists, viz., the muriate or terchloride of gold, which is 
obtained in small crystals by dissolving gold in aqua regia 
and evaporating the solution ; it is very soluble in water* We 
may precipitate the metallic gold from this solution by means 
of green sulphate of iron or Sie oxide of gold by means of an 
aikalL 

13. Wuxt are the uses of gold F 

Gold is used for jewelleiy, for plate, and for current coin : 
but for these purposes it is generally alloyed with -^th of 
copper. It is employed in various ways in the arts. Gold 
is also used to be spread over other melkls to preserve them 
from tArniahing or rusting, as gold does not beooine oxidized 
by exposure to atmospheric air. 

14. What is the origin of silver ? 

Silver is found in various parts of the world in a metaUic 
state ; also in the states of a sulphuret, a chloride, and an oxide. 

16. What a/re the properties of sUver f 

Silver is a sonorous, brilliant, white metal; exceedingly 
ductile, and of great malleability and tenacity, having, when 
pure, the specific gravity of 10.6. It possesses these latter pro- 
perties in so great a degree, that it may be beaten into leaves 
much thinner than any paper ; * or drawn out into wire as fine 
as a hair, without breaJnng. 

16. What is the effect of oxygen upon silver f 

Silver cannot be oxidized by atmospherio air, unless it be 
exposed to an intense heat ; but the oxide of silver may be 
procured by dissolving the metal in an add, and then precipi- 
tating it by an alkali or an alkaline earth. 

17. Does silver coTTihine vnth chlorine ^ 

Silver has so strong an attraction for chlorine that it will 

* Fifty square inches of silver leaf weigh not more than a gram. The 
silver wire used by astronomers is no more than half as thick as a fine 
]iuman hair. 
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take it from most other substances ; if we pour a solution of 
any chloride or muriatic add into a solution of a salt of silver, 
an immediate precipitate of the chloride of silver will be formed, 
and may be recognized by the remarkable property of its 
colour being changed by exposure to light from wnite to pearl 
grey ; it is from this property of silver that it may be easily 
ascertained whether an ore contains silver, by pulverizing it 
and dissolving it in nitric acid, and afterwards adding a little 
muriatic acid. Should it contain any silver, the chlorine of 
the acid will instantly combine with the whole of it, and pre- 
cipitate it from the nitric solution in white flakes of chloride 
of silver. In order to know the proportion of silver in any 
given quantity of ore, collect this precipitate on a filter, heat it 
red, and weigh it accurately. Every 143 parts of this chloride 
of silver indicate 108 of pure silver. 

18. What salts are there of silver f 

The nitrate of silver * is best known ; but in analysis the 
sulphate of silver is also a most useful test ; many other salts 
of this metal may likewise be formed. The chloride and the 
carbonate of silver are both found native. 

19. What a/re the uses of silver ? 

Silver is used chiefly for ornamental -work, for domestic 
utensils, and for current coin ; but for these purposes it is 
generally alloyed with copper, without which it would not 
have sufficient hardness. 

20. How is platina procured ? 

Platina is found in grains, in a metallic state, at St Domingo, 
and at Santa F6 in Peru ; it is also found in considerable 
quantity in the Ural Mountains in Bussia. 

21. What is the nature of platina F 

Platina is the heaviest of all the metals ; is nearly as white 
as silver ; and is difficultly fusible ; but by great labour it may ' 
be rendered malleable, so as to be wrought into utensils like 
other metals. It will resist the strongest heat of our fires 
without melting ; and, like iron, is capable of being welded 
when properly heated. 

22. nhixt is the effect of oxygen upon platiTia ? 

The oxygen in atmospheric air has no effect upon platina^ 
unless when assisted by an intense heat ; but the oxide may 

* This salt when melted, and run in monldsy forms the lunar canstio 
of the apothecary. It is the most powerfiil antiseptic known. One 
otince 01 it dissolved in 12,000 ounces of water, -will preserve the water 
from putrefoction for ever, and it may be separated therefrom in a few 
minutes, by adding a small lump of common salt. 

A solution of nitrate of silver mixed with a little gum water foxnyi 
the indelible ink used in marking linen. 
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be procured by dissolving the metal in nitro-muriatic acid, and 
precipitating it by an a&ali. 

23. What salts are there o/platina ? 

A variety of salts may lie formed with the oxide of this 
metal ; but none of them have yet been brought into much 
use. No salt of platina has yet been found native. 

24. What are the uses of pLaiina ? 

Platina has hitherto been chiefly used for chemical apparatus, 
Buch as crucibles, spoons, aaid for the evaprating ve^^uaed 
in the manufacture of sulphuric acid ; it is also employed for 
coinage in Eussia, for whiclj purpose it is well adapted, owing 
to the difficulty of debasing it. When drawn into wires, it 
is applied to various purposes in the arts, and in thin leaves 
has sometimes been applied to porcelain, in the same manner 
as gold. In the form of fine powder, or spongy platina, pro- 
cured by precipitating it by muriate of ammonia, it is employed 
in Doebereiner's lamps, to procure instantaneous light. 

25. What is the construction of these lamps ? 

It is found that when a stream of hydrogen gas, mixed with 
oxygen or atmospheric air, is directed upon spongy platina, 
the metal becomes so hot, that the hydrogen is inflamed ; this 
phenomenon will occur any number of tmies, with the same 
portion of platioa. . In the annexed 
figure, A represents a vessel, which is 
supplied with alcohol by an aperture 
at C. A glass tube, B, of several inches 
in length, is fitted to the vessel by means 
<tf a wooden cork. Within the glass tube 
is a coil of platinum wire, wound round 
a piece of wood, which tapers upward in 
a conical form ; a communication between 
the wire aiid the alcohol is effected by 
means of a piece of wick. When the 
lamp is to be used, the platinum may be 
ignited by the flame of a candle ; the wire 
will remain red hot, and emit a feeble 
light, so long as there is any alcohol in 
the vessel. A cylinder of camphor may 
be substituted for both the wick and the 
alcohoL 

2Q, How is this phenomenon explctined ? 

It is supposed to arise in consequence of the strong cohesive 
attraction exerted by the platina on the particles of the gases, 
which brings them within the limits at which they mutually 
combine to form water, and overcomes the repulsive force ex- 
erted among their particles. 

H 
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27. Where is merewry found? 

Mercury is brought to Europe firoM the East Ilidies, and 
from Peru ; it is found in great abundance at Almaden, in 
Spain, and at Idria, in Hungary. It is also fouhd in China. 
It is sometimes obtained in the native state, but more fre- 
quently combined with sidphur, with which it forms the ore 
of mercuiy called cinnabar. It is obtained froili this in the 
pure state by distillation, the cinn&bar being previously mixed 
with lime or iron. 

28. What are the general properties tf fnereuty f 
Mercury, at the ordinary temperature of our atmc^sphere, is 

a fluid metal,* having the appearance of melted silver ; iti thfe 
state it is neither ductile nor mallealde 5 it is volatile When 
heated, and the heaviest of all the metals^ except platina and 
gold. It readily combines with several of the other metals, 
and forms with them what are called amalgams. 
' 29. What ^ect has oxygen upon mercury f 

Mercury does not combine with oxygen in the ordiUlkry 
temperature of the atmosphere, even when an extended sur&ce 
is exposed ; but if heated to about 600° of Fahr. it gradually 
becomes oxidized, and is converted into red or deutoxide of 
mercury. It also forms with oxygen a protoxide which may 
be prepared by the action of ati alkali^ on calomel, or proton 
chloride of mercury. 

30. Does mercurtf corrdnne wUh the ofiher sifUpie non-fmeXaXUc 
substances f 

Yes ; it combines readily with chlorine, iodine^ bromine, aiid 
sulphur. With chlorine it combines in two proportions to form 
calomel or protochloride of metcury, and corrosive sublimate 
or the bichloride of mercury. The latter may be formed by 
heating mercury in chlorine gas, when it takes fire, unites with 
the chlorine, and forms the bichloride of mercury. With sul- 
phur, mercury forms the well-known substance vermilion, or 
bisulphuret of mercury, and Exhiops mineral, which is a pto- 
tosulpfciuret. 

3L WhiU ei^t/er salts are ^ijere of mercary f 



* Mercury, when sabmitted to a snfficient degree of cold, is sunilor 
in appearance to other metals, and may be beaten ont into plates. It 
has been determined that 39 d^;ree8 below zero of Fahrenheit's thetmo- 
meter is the point at which l^e congelation of mercury takes place. 

At Hudson's Bay, frozen mercury has been reduced to sheets as thin 

as paper, by beating it upon an anvil that had previoudy been reduced 

to the same temperature. On plunging a mass of this frozen qtdck- 

silver into a glass of warm water, the former became fluid, and the 

^tter was immediately frozen. 
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There is a great variety Of inercttrial salts ; but the adetatc, 
the suMiate, and the nitrate of mercury are best known. 

32. Wkai are the use8 of mercn^ f 

Merettry is used in large quantities for silvering mirrors, 
for 'water gilding, for maBng barometers atid ihermoiiieters, 
and in the manufitcture of vermilion. It has also various and 
important uses in medidna^ 

33. Rawieeoppefproetlredf 

Copper is found in several parts of England, t)artietdarly in 
Cornwall, in Ireland, in the isles of Man and Angleseaj and of 
late years in great abundance in North America and in Aus- 
tralia. It is an abundant metal, and has been raised in various 
other parts of the Worid. Its specific gravity is 8*66. 

34. What are the aeneral properties ^ copper f 

Copper is of a red colour, very sonorous and elastte^ and the 
most ductile of all'the metals, except gold* 

35. What or^ the effects of oxygen upon copper f 

Copper wiU in some measure become oxidized by long ex- 
posure, to atmospheric air, in which case its sur&ce wm be 
covered with the fireen carbonate of copper.f It Is susceptible 
of three degrees of oxidation. 

36. What salts of copper are there f 

There are a great many salts of copper ; but those most used 
are, sulphate of copi)er, acetate of copper ; nitrate, muriate, 
and arseniatd of copper ; besides these, which are generally 
fonned by art, the carbonate, the arseniate, the muriate, the 
phosphate, AUd the sulphate of copper are found in the native 
state. 

37. Hoio mahf we detect copper in tolietion f 

Solutions of copper may be knoWn by the following proper- 
ties ; they are generally of a blue or green colour ; fiiey give 
with sulphurelSed hydrogen a black precipitate. A clean juate 
of iron is immediately covered with metallic copper if dipped 
into a solution containing this metal. Potash precipitates the 
oxide of copper, of a rich, blue colour, which becomes black on 
being heated ; and ammonia produces with salts of copper a 

* MerciiTy is tised to separate gold and silver &om the extraneous 
matter found with those metals. Bt tritoi^tin^ the mass with mer- 
cury, the gold and sUyer become amalgamated with it ; and afterwards 
this amalgam is submitted to heat, when the mercury subUmes, and the 
metals are left in a state of purity. 

*t* In domestic economy, the necessity of keeping copper vessels always 
clean is generally known* Nevertheless, many pelrsons have beei\ poi- 
soned in consequence of eating -victuals prepared in unclean copper 
utensils. The best antidote in case of poisoning by copper, is sugar or 
the white of egg, which forms an inert compound wltn the oxide of 
copper. 



deep blue solution, which con^Bta of oxide of copper dissdved 
by the alkali. 
28. Wliat are Aeui 

Besides its employment to make Tessels for domeeljc and other 
purposes, and to sheathe the hottoma of ships, it is allojed with 
zioc t« malie brass, and with tin to form bell metal^ bronze and 
{run metal, attd, when combined with sulphuric acid, forms 
Eoman vitnol. Its oxides are emploj'ed in enamel painting, 
and in the manufacture of several colours. 

39. What « the origin of iron ? 

Iron is plentifully and universally difinaed throoghoat tia> 
ture, pervading almost everything, and is the chief cause of 
colour in earths and stones. It may be detected in plants and 
in ftTiimftl Quids. It is found in great masses, and in varioDS 
states, in the bowels of the earth m moat parts of the world.* 
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The air is thrown in at two or more opan- 

ings near the bottom, &om a blowing 
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Steel is a carburet of iron. The general method of forming st«el ia 
by tho process of cementation. This candsta in placing alternate layen 
of bats of malleabto iron, and of powdered cbaTOoal. in a large [iimaiM. 
from which the atmospheric air is entirely exclnded, and keeping tho 
whole tor several days at a red heat. By this means the iron gradually 
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40. What are the general 'properties of iron ? 

Pure iron is soft and ductile,* and when dissolved lias a 
sweet and. stjrptic taste, and emits a peculiar smell when rubbed. 
It is attracted by the magnet, and has the property of becom- 
ing itself magnetic. It may be fused by a very intense heat 
little inferior to that required to fuse platina. 

41. Is iron always used in the state in which it is procured 
from the ore f 

No ; iron is employed in three states ; viz. that of cast iron, 
wrought iron,t and sted; each of which is of a different quality, 
and used for different purposes. 

42. What constitutes the difference in these three kinds of iron f 
Ca^ iron is the metal in its first state, rendered fusible by 

the combination of carbon and oxygen. Wrou>ght iron differs 
from the former, in being deprived of this carbon and oxygen, 
by continued heat and repeated hammering, which render the 
metal malleable. JSted is made of wrought iron, by various 
processes, whereby thte metal resumes a small portion of car- 
bon, and acquires a capacity to receive different degrees of 
hardness.^ 

43. What are tht effects of oxygen and chlorine upon iron ? 

Iron has such an affinity for oxygen, that it will oecome oxi- 
dized merfliy by exposure to the air. The oxides of iron are 
found in great abundance ready formed in the earth. This 
metal forms with oxygen two oxides, the protoxide, which is 
the base of the green salts of iron, and the peroxide, which 
forms the bases of the red salts of iron ; the black oxide is sup- 
posed to be a compound of these two oxides. Chlorine forms 
with iron also two salts, the protochloride and the perchchlo- 
ride of iron : the first of these is procured by the action of mu- 
riatic acid upon iron. 

combines with from l-3>* to 1*75* per cent, ot carbon; and the different 
degrees of temperature to which it is subjected occasion the varieties in 
its state of cohesion, or tem^per, which are adapted for making different 
instruments. 

* An iron wire, only one-tenth of an inch in diameter, will carry 
450 pounds without breaking. A wire of tempered steel of the same 
size will carry near 900 pounds. — Black. 

+ To convert cast iron into wrought iron, the former is kept in a state 
of fusion for a considerable time, and then submitted to the action of 
the hammer, or the regular pressure of large steel rollers, by which the 
remaining impurities are forced out, and the metal is rendered mal- 
leable, ductile, and totally infusible. In £his state it is known in 
commerce by the name of bar-iron. 

X A steel instrument may be known from one of iron thus : — If a 
drop of nitric acid be let liEdl upon it, it will occasion a black spot if it 
bo sbcd, but will not have this effect if it be wrought iron. 
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44. What scdis of iron are there f 

The most useml salts of mm ai^o those composed with the 
sulphuric, the nitric, the inuriatio, and acetic acids ; and these 
witn some others are very essential to our nuqiu&^tures. fhe 
arseniate, sulphate, phosphate, chron^ate, and ^i^ng^talie of iron 
have all been found native, 

46. What are the wei of irot^ f 

The uses of iron are innumerable ; every thing we possess 
is manufactured^ its means ; it is the most useful of all Joiown 
substances.'*' When co^ver^d into steel, it is eqiploy^d in 
various waysjt espedallv for edge-tool^ ] which are all Kirmed 
in part with this metal, frGjj(^ the ponderous pit-saw to the 
finest lancet. Its oxides are used In painting, enamelling, dye- 
ing, and in medicine. 

46. How may w$ detect iron in sohfHon f 

The salts of iroQ may be recognized by the following pro- 
perties 3 they are generally when fresh prepared of a green 
colour (those salts cqntaining the protoxide of iron), and give 
with potash a greenish white precipitate, which by exposure 
to air becomes red ; with alkaline carbonates they give a dark 
green precipitate ; they also precipitate gold, aUver, and pUitina, 
from their solutions. The salts of the peroxide of iron give 
with ierro-prussiate of potash deep blue precipi^teg, with 
tincture of galls, dark purple or black precipitates, apd with 
the hydFosuli)hurets pf the alkaUea black precipitates* 

47. Where is tin procured f 

Tin is found in Germany, in Saxony^ in South America^ and 
in the !East Indies ; but in ^England it is chiefly procured from 
Cornwall and Devonshire. Tin occurs only m the primitive 
mountains. Its ores are found most frequently in granite. 
Above 3000 tons weight of tin are furnished annually in Com- 
wall, which has been celebrated for its tin mines frtun the 
earUest times. 

48. What is the nature of tin f 

Tin is a white metal, of little elastidiy, and but little taste. 
It is one of the lightest of the metals, and so exceedingly soft 
and ductile that it may be beaten out into leaves thinner than 

* The property of wMing^ which, except pUtin& no other metal 
posaeeses, renders iron the most soitftbla of all others for every common 
porpoee. It becomes soft by heat, and thus majy be moulded by the 
hammer into any form, and united in as many ports as the workman 
pleases, -without rivets or without solder. 

t Good steel is much more ductile than in>n ; hei^ce vary minute in- 
struments are generally nttbde with it. 4- fiuer wire may be diawn 
'rom it than from any otiier metal* 
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paper. Its specific gravity is 7'9, and it fuses at the tempera- 
ture of 442° of Fahrenheit, 

49. Whaii^iheffeciofohfgenv^ontmf 

Ti9 upites in different proportions with oxygen, and forms 
three distinct compounds, the protoxide, sesquioxide, and per- 
oxide of tin. 

50. Whait9aU8oftinarBikeT$? 

The chloride, the nitro-muriate, and the sulphate of tin are 
most known ; but mai^y othsr salts may be formed with this 
metal. None of the salts of tin have been found native. 

61. What are the uses of tin 9 

Tin is consumed in large quantities by the dyers ; it is used 
also for covering sheet iron to prevent i^ rusting, and inibrm- 
ii^g jilumbers' solder, speculum metal, pewter, and some other 
alloys. Its oxides are used in polishing glass, in glazing some 
kinds of earthenware, and for various other purposes. 

52. What is the use of tin to the dyers ? 

Tin is employed by the dyers to give a brightness to cochi- 
neal, archill and other articles used in forming reds and scar- 
lets ; and to precipitate the eolouring matter of other dyes. 
For these purposes it is previously dissolved in aqucHregia, . 

53. How may v>e recognize tin in sohtiion ? 

^ Tin may, when recently dissolved in muriatic acid, be recog- 
nized by its property of giving with an alkaline, hydro-sulphu- 
ret, a black precipitate of the proto-sulphuret of tin, and pre- 
cipitating the powder known by the name of the purple of 
Cassius &om a solution of gold : it also changes the colour of a 
solution of platina to red. 

54 What are the general properties of lead f 

Lead is a heavy metal of the specific gravity of 11 '35, of a 
pale, livid, white colour ; slightly sonorous ; has scarcely any 
taste ; and emits a peculiar smell on friction. It has little 
elasticity, and yields readily tp the hammer, being the softest 
of all metals. It generally contains a small portion of silver, 
and sometimes of mercury. 

65, Where is lead procured ? 

Lead ore is very abundant in Scotland and Ireland, and in 
the western parts of Northumberland and Durham ; it is also 
procured in large quantities in Spain. 

56. What combinations does had form with oxygen f 

Lead combines with oxygen to form four distinct compounds : 
the first oxide of lead, which contains the smallest proportion 
of oxygen, is fbrmed by decomposing dry oxalate of lead in a 
glass tube ; the second oxide is formed when we melt* lead in 
contact with air, the gray film which forms on its surface being 
a combination of leaa and oxygen, and when fused forming the 
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litharge and massicot of commerce; tlie third oxide is the 
minium or red lead of commerce, and the peroxide or pnce 
coloured oxide is formed by heating nitric acid on minium, by 
the action of which the red oxide is turned into the peroxide 
of lead.* 

57. What salts of lead are there f 

The salts of lead are very numerous, but the chloride, sul- 
phate, parbonate, acetate, and chromate of lead are those most 
known. The carbonate, sulphate, phosphate, molybdate, 
arseniate, and chromate of lead are native productions. 

58. Whai are the uses of lead f 

Lead is employed to cover buildings, to form water-pipes, to 
make a great variety of vessels for economical and chemical 
purposes ; and in refining gold and silver. Its oxides are used 
in dyeing and calico-printing ; in the manufacture of glass, 
earthenware, and porcelain ; and in the preparation of various 
pigments. 

59. How can we discover the presence of lead in a solution ? 

The best test for the presence of lead in solution is sulphu- 
retted hydrogen, which precipitates it in the form of a black 
sulphuret ; the mihutest portion of lead may be detected in a 
solution by passing a stre^ of sulphuretted hydrogen through 
it, or applying to it a solution of this gas in water. Sulphuric 
acid may also be applied as a test ; it precipitates tiie lead in 
the form of sulphate of lead of a white colour. Hydriodate of 
potash and bichromate of potash, when applied to solutions of 
salts of lead, give precipitates of a bright yellow colour. 

60. What are the properties of nickel f 

Nickel is a metal of a white colour, ductile and malleable 
but of difficult fusion. It is attracted by the magnet, and 
capable of being converted into a magnet. Its specific gravity 
when pure is about 9. 

61. Where, and in what state, is nicJcd found ? 

The ore of nickel is very similar to that of copper, and is 
procured from various parts of Germany ; it is also found with 
cobalt ; but the nickel of commerce is always impure. 

62. What compounds does nickel form with oxygen f 
Nickel combines with two proportions of oxygen to form a 

protoxide and a peroxide. Th^ former is of a dusky gray 
colour, the latter of a black colour. The protoxide forms green 

* All the oxides of lead may be redticed to metallic lead by heatiiur 
them with a mixture of tallow and charcoal, or any substance that wm 
decompose the oxide. This may readily be shown by placing a few 
grains of red lead upon a piece of charcoEil, and fusing it with a blow- 
pipe. Even the oxide of lead which is combined with flint-glass may 
be reduced by^ melting the glass with any carbonaceous substance. 
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salts with the acids and is precipitated from its solutions of a 
light green colour by the alkahes. 

63. WhaZ salts of nickel are there ? 

Numerous salts have been formed with nickel, but none ot 
them have hitherto been brought into any use. A native ar- 
seniuret of this metal has been found. 

64. WJiat are the uses of nickel ? 

Nickel is employed by the Chinese in making their white 
copper, which is a beautiM metallic compound ; it is also 
much used at present for the manufacture of German silver, 
which is an alloy of this metal with copper ; its oxide is also 
employed in the manufacture of porcelain to give a li(ght green 
colour. 

io6. What is the nature of zinc ? 

Zinc is a very combustible metal, possessing but a small 
degree of malleability and ductility, except under certain cir- 
cumstances. * When broken, it appears of a shining bluish 
white ; and when exposed to the air, it becomes covered with 
a pellicle, in consequence of its affinity for oxygen ; its specific 
gravity is about 6*8. 

66. How is zinc procured f 

Zinc, generalhr called by the artists speUer^ is not found 
native ; but in England and elsewhere, is extracted from calar 
mine and other ores by distillation, f 

67. WhxU is the effect of oxyaen upon zinc ? 

Zinc is readily oxidized when it is heated ; at a high tem- 
perature, when exposed to the air, zinc takes fire and burns 
with a brilliant bluish white flame, and forms a white oxide 
which has been named flowers of zinc ; it may also be oxidized 
by adds. 

68. What salts of zinc are there ? 

A great number of salts have been formed with this metal ; 



* At the ordinary temperature of the air zinc is neither malleable nor 
dnctHe, but if it be heated to a temperature between 200 and SOD of 
Fahrenheit, it may then be rolled into very thin eheets, and drawn into 
wire. Zinc is at present much used in the state of sheets for roofing 
hooses, &c., instead of lead, and also for domestic utensils, for which it 
is well adapted, on account of its lower specific gravity, and its salts 
not being poisonous. 

*}< Metednc zinc is procured from calamine by distillation per descen- 
sum. The calamine is pounded, and with powdered charcoal put into 
large pots, which are placed in a furnace like a common oven. These 
pote luive tubes fixed in their bottoms, which pass through the bottom 
of the fomace into a vessel of water. After the tops of the pots are 
covered, and rammed close with clay, a strong fire is made around 
them, so that the metallic zinc, being separated from the ore, and being 
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but the carbonate, the sulphate, and the acetate of zvofi are 
most known; the two first are foipid in 9> native state. 

69. What ctre the uses of sUnc ? 

Zinc, when combined with copper or tin, in yarious pro- 
portions, constitutes some of the most useM compound metals 
or alloys ; it is also used in medicii^e ; it is the bs^e of white 
vitriol. * 

7Q. What are the primvpal oKo^ of niw and copper i 

Three parts of copper and one of zinc constitute brass ; ^ve 
or six of copper ana one of zinc form pinchbeck Tombac has 
still more copper, and is of a deeper red than pinchbeck. 
Princess metcU is a similar compound, excepting that it contains 
more zinc than either of the former. A mixture of tin and 
copper with zinc forms bronae. To make brass, the calamine 
is previously roasted ; it is then mixed with charcoal ^jxd gr;^ 
copper, and put into laj^e crucibles, which are kept for a con- 
siderable time in a heat that ^11 not melt the copper ; after a 
time, the heat is raised so as to fuse it) and the compound metal 
is then run into ingots. Brass is a valuable ajloy ou many 
accounts, especially the superior brightness of its polpur, in its 
not being so liable to tarnish by exposure to the air as copper, 
and in i1» being more readily melted, and more malleable when 
cold. Sieves a£ extreme fineness are made with brass wire, 
after the manner of cambno weavipg, which coiild noti pos- 
sibly be made with copper wire. 

71. ffow may we detect zinc in solution f 

By its affording with an alkali a white precipitate which 
is soluble in an excess of the alkali ; with hydrosulphuret of 
ammonia and the fixed alkaline carbonates permanent white 
precipitates. 

72. What a/re the gefnercd properties of cadmiwm f 
Cadmium is a metal of a wnite polour resembling tin, very 

malleable and ductile ; it melts at about the temperature of 
400° of Fahrenheit, and is very volatile ; it becomes tarnished 
by exposure to air in consequence of absorbing ox^^en, and is 
very soluble in nitric acid, from which it may be precipitated 
a3 oxid^ of cadmium of a white colour, which dissolve^ readily 
in aiiuQonia, 

73. How is cadmiwn obtained f 

Cadmium was found by Stromeyer in oxide of ziuo, and it 
generally accompanies that metal. It is procured from the 

of a volatile nature, is forced to riae to the nppec entranoB of the tubes, 
and thenee pagses downwards into the water. 

2i»c» in fine filings, is used to mix with gonpowder, to produce 
^nose brilliant stars apd spangles which are seen m the best artificial 
^e-works. * 
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to 

chimneys of manufactories where zinc is melted in considerable 
quantily^ where it has collected during the prepanvtion of thai; 
metaL 
74.^Whca oom^nmndt does tkk metqfform, wth oxygm wnd 

It forms with oxygen » white oxide, and with chlorine a 
compound soluble in water and volatile at a high temperature. 

75. How do we discover cadmittm in ^oMonf 
Cadmium may be detected in solution by the following pro- 
perties : it is precipitated from it£| solution as a white powder 
by ammonia, m excess of which it is redissolved, but when 
precipitated by soda or potash it is not redissolved by excess 
of either ; by sulphuretted hydrogen it is precipitated as a 
bright yellow sulphuret, which ia neither yo&t^ilQ no^ soluble 
in solutioi^ pf potash. 

76. What are the prop^iee of aiUiimi^^ 9 

Antimony is a brilliant, brittle metal ; of a white colour, 
and is destitute of ductility and maUeability, having the 
spedficgravity of 6*8. 

77f ffoy> i^ anHmon^ mroewred^ 

Antimony is procurea from an ore which is foun4 chiefly in 
Hunf[S^ and In Qr«ray, and which consists of sulphur ui^ited 
to this metal ; it may be obtained in a pure state by heating 
together in a crucible the sulphuret with iron filings, or with 
a mixture of nitre and bitartrate of potash. By either of these 
processes the sulphur is separated from the antimony, and the 
metal left in the pure state. 

Native antimony, alloyed with a small portion of sUv^ and 
iron, has been found in Sweden. 

78, What are the fsffects of oxygen upon this metal f 
Antimony is susceptible of tnree degrees of oxidation ; the 

first is the sesquioxide of antimony, v^ch contains 125 parts 
of antimony to 24 of oxygen, the second containing 125 of 
antimony to 32 of oxygen, and the third conta^iing 125 of 
antimony to 40 oxygen \ the two lat^i^ seem to have tl^e pro- 
perties of acids. 

79, What salts of antimontf are there f 

Many different salts have been formed with the oxides of 
this metal ; but those most known are the chloride of antimon}^ 
and the tartrate of potash and antimony, or emetic tartar. 
The first has been found native. ^ 

80, Hovf may the chloride of anHmxmy he procured f 

If antimony be ground fine, and thrown into a dry glass jar 
filled with cmorine gas, it will inflame immediately, and con- 
tinue to bum with great rapidity and with a brilliant white 
flame, forming the chloride of antimony, or what was formerly 
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known by the name of tlie huUer of antimony. This substance 
is found native in Bohemia. 

81. What are the ttses of antimony f 

Antimony is combined with some other metals in making 
printers* types, and specula for telescopes. Its oxides are em- 
ployed in medicine and in colouring glass. In times of remote 
antiquiiy its sulphuret was used by females as a black pigment^ 
for staining the eye-Iaflhes. 

82. What are the properties of bUmtith ? 

Bismuth is of a yellowish white colour, of a lamellated tex- 
ture, and moderately hard, but not malleable. It is so brittle 
that it breaks readily under the hammer, and may be reduced 
even to powder. Bismuth has the singular property of ex- 
panding as it cools ; hence its use in the metallic composition for 
printers* types ; as from this expansive property are obtained 
the most perfect impressions of the moulds in which the letters 
are cast In manufEurtories this metal is known to the work- 
men by the name of tin-glass. Its specific gravity is 9*8. 

83. How is bismuth procured F 

Bismuth is generally found with cobalt in the cobaltic ores 
of Saxony and England. Native bismuth and sulphuret of 
bismuth are also found upon the Continent ; but this is not an 
abundant metaL 

84. What a/re the effects 6f oxygen and chlorine upon bis- 
muth^ 

Bismuth is gradually oxidized by fusion in atmospheric air; 
and may be thus converted into the white or protoxide ; by 
solution in nitric acid, and pouring the solution into water we 
get a white powder which is a peroxide of this metal When 
bismuth in fine powder is thrown into chlorine gas, it takes 
fire and bums, forming the chloride of bismuth. 

85. W/iat saUs are there of bismuth f 

Several salts of bismuth have been formed, but their pro- 
perties have i^ot been much examined by chemiste. The nitrate * 
and chloride of bismuth are occasionally prepared, but no salts 
of this metal have been found in a native state. 

86. What are the uses of bismuth f 

Bismuth is used with other metsJs to form printers' types, 
to make pewter,t andfor someother compounds. Itremarksibly 



* Kitrate of bismuth does not dissolve in water, like other metallio 
salts, but becomes decomposed, forming one of the most delicate white 
precipitates; hence this metal is readily distinguished from most others. 
•^^?^ precipitate, washed and dried, is what hsA been called magistery 
->f bismuth, or pearl-white. 

t The common mixture for pewter is 112 pounds of tin, 15 pounds of 
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contributes to tlie fusibility of some alloys ; hence, it is em- 
ployed to make solder. * Bismuth is also given in medicine, 
though very rarely. 

87. What are the generol characters of arsenic ? 

Arsenic is generally found in combination with sulphur, 
oxygen, or metals. When reduced to its pure metallic state, 
it IS a friable, brilliant metal, of a bluish white colour, easily 
tarmshing, that is, oxidizmg, by exposure to the air. It may 
be recogmzed by its being volatilized by a moderate heat, and 
its fumes having the smell of garlic Its specific gravity is 
8*310. In all its states of combination it is highly poisonous. 

88. Where is arsenic found? 

Arsenic is found in Bohemia, Hungary, Saxony, and other 
places on the Continent. It generally occurs in combination 
with other metals, especially iron and cobalt. A reverberator^ 
furnace is employed in the reduction of arsenic from its ores. 
It consists of a fire-place, 
a, in which the fuel is 
burned, and of which b is 
the ash-pit ; dd iaa, hori- 
zontal flue, expanded into a 
small chamber or oven, 
which is raised to a strong 
red heat, by the reverbera- 
tion on its walls of the flame, 
or heated air from the fire, 
on its passage to the chim- 
ney. The matters to be 
heated are placed on the floor of the chamber. There is an 
opening in the side at i, for the introduction of materials, and 
another opening, g, at the end most distant from the fire. The 
chimney is provided with a damper, p, by which the draught 
is regulated. On roasting the arseniceJ ores in a furnace of 
this kind, the arsenic, which is very volatile, is driven off^ com- 
bines with oxygen as it rises, and condenses into thick cakes, 
on the roof of the chimney ; this n^s, when sublimed a second 

lead, and 6 potmdB of brass ; bnt many maniifActiireTs use also bismuth 
and antimony to compooe this metal. 

* If eight parts of bismnth, five of lead, and three of tin, be melt^ 
together, the mixed metal will fose at a heat no greater than 212°. 
Tea-spoons made with this alloy are sold in London, to surprise those 
who are unacquainted with 'their nature. They have the appearance 
of common tea-spoons, but melt as soon as they are put into hot tea. 
A comx)06ition of lead, zinc, and bismuth, in equal parts, will melt 
with BO small a portion of caloric, that it may be kept in fusion upon 
paper over a lamp. 




Fig. 85. 
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time, constitutes the viralent poison^ ebimnotily dalled ar$enie^ 
it is, however, arseniom add, or the white oxide of arsenic. ^ To 
obtaan metallic arsenic, one part of the white olide iA tniaied 
with three parts of black flux, and the mixture exposed to red 
heat in ^ crucible, over which is luted an empty crucible for 
receiving the meM, and which is kept cool for the purpose of 
condensing the vapour of the metal as it rises. Arsenica is a 
brittle metal, of h strong metallic lustre, and steel-gi^y colour. 
It crystallizes by sublimation in rhombohedronS. At 366* it 
sublimes without liquefying ; it fuses at a higher temperature, 
but this has not been ascertained. Its vapoUr has a strong 
garlickyodour. 

89. What ate the effects of ox^en dnd chlorine upon arsenic 9 
Arsenic has a great alffinity for oxygeh, with wnich it cota- 

bines in two proportions to form arsenious and arsenic acids. 
The former consists of 76*4 parts of arsenic and 24 of oxygen ; 
the latter of 75*4 parts of arsenic and 40 of oxygen. The 
arsenious acid, or white arsenic of commerce, is a peimanent 
solid compound, and may be formed by bur&ing arsenic in 
atmospheric air or oxygen gas ; the arsenic acid is formed by 
heating the arsenious acid with nitric acid, which imparts 11^ 
osT^gen to it^ and converts it into arsenic acid, which is a very 
deliquescent substance. Chlorine also readily combines with 
this metal, and forms the hutet of arsenic, or chloride of arsenic. 

90. VHujii are lM saks formed with arsenic f 

The arsenious and arsenic acids both form salts with metallic 
oxides. The former with bases forming the class of salts 
named arsenites, the latter the arseniates. 

91. Does arsenic combine with svlphur ? 

Yes ; arsenic combines in two proportions with sulphur, aiid 
forms orpiment and realgar, which are both sulphurets of ftrsie- 
nic. Eealgar is a dark orange or scarlel^ the other a beautiful 
lemon colour. They are both much used in dyeing and calico- 
printing ; and have been found native. Orpiment, or bisul- 
phuret of arsenic, may be readily formed by passing a stream 
of sulphuretted hydrogen througn arsenite of potash ; the solu- 
tion, however, must be neutralized with an acid, as orpiment 
is soluble in the alkalies. 

92. How may we discover the presence of arsenic in tinjf MHr- 
pound? 

Arsenic m&y at once be recognized by the following proper- 
ties :— if, in the nte^tc state, it be exposed to a moderate heat^ 
it sublimes with a smell of garlic ; if it be strongly heated in 
contact with oxygen gas, it takes fire and bums, and is con- 
verted into white arsenic or aatsenious acid ; fbom the stat» ot 
\rsenious acid, or sulphuret of arsenic, it may be readily changed 
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into the metallic state by e^^osure to a strong heat in contact 
yinth charcoal and an alkali. If it exists in solution, as an 
alkaline arsenite, it will be precipitated by a solution of Copper, 
as a green arsenite of copper (Scheele's greeu)) and by oxide 
of silver in solution as a yeUow arsenite of silrer^ and by sul- 
phuretted hydrogen as the yellow sulphuret. 

93. How can we distinguish tke arsmites/i^oin the artehiaies f 
The arsenites giye with ^alts of copper green precipittites ; 

the arseniates produce with salts of copper blue precipitates ; 
with salts of silver yellow precipitates are given by the arse- 
nites, and by the arseniates brick-red precipitates. 

94. What are the uses of arsenic f 

Arsenic, in its metallic state, is used to whiten coppei^, and 
it enters into the composition of several Compounds for me- 
tallic specula, and is also used to give hardness to lead in the 
manumcttire of shot.*^ Its acids are employed in many pro- 
cesses of the dyer ; and also as fluxes for glass^ and in several 
of the arts. The sulphurets of arsenic form valuable pigments 
of different colours. 

96. What are the properties of edbcM f 

Cobalt is a whitish-grey, brittle metal, nearly resembling 
fine hardened steeL It is difficult of fusion imd oxidation, and 
is magnetic. Its specific gravity is 7'8. 

96. How is eobdtt procured ? 

Formerly all our cobalt came firojii Saxony ] but it is now 
found abundantly in the Mendip hills in Somersetshire, ftnd in 
a mine near Penzance, in Cornwall. 

97. What is the effect of oxvgen on this tneial ? 

Cobalt may be oxidized by an intense heat. The oxygen 
converts it into that beautiful blue colour which is seen on 
earthenware and porcelain. There are at least three different 
oxides of cobalt, the protoxide^ dentoxide, and peroxide, which 
are known to chemists. 

98. What salts are there of cobalt f 

A great variety of salts have been formed with the oxides 
of this metal ; but the muriate of cobalt is that which has, per- 
haps, been longest known. A solution of this salt, much diluted, 

* Ttt melting thd lead, a Bm^ qtiAntity of arsenic is added, which 
disposes it to run into spherical drops. When melted, it is poured into 
a cylinder whose circiunference is pierced with holes. The lead stream- 
ing through the holes soon divides into dropa^ which fidl into water, 
where they congeal. The manufacturers of the patent shot havered 
their fdmace for melting the metal at the top of a tower 100 feet high, 
and procure a much greater number of spherical grains, b^ letting the 
melted lead &11 into water firom this height^ as the shot is gradually 
cooled before it reaches the water. 
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has been long used in forming Hellot's giympathetic ink. What*- 
ever is written on paper wim this ink remains invisible while 
it is cold, but if the paper be gently wanned, the letters will 
appear of a beautiful olue colour : — ^thus, by warming or cool- 
ing the paper, the writing may be made to appear and dis- 
appear at pleasure. It is, however, from some iron or nickel 
generally lovaxd in cobalt that the muriate forms a green ink ; 
for, if it be perfectly pure, it is always blue. The muriate of 
cobalt in the dry state is blue, but its solution is of a light pink 
colour. An arseniate and a sulphate of cobalt have been found 
native. 

99. What is the use of cobalt ? 

Cobalt has hitherto been chiefly used for making the differ- 
ent kinds of smalts for painting and enamelling.'^ It is ex- 
tremely valuable te the manufacturers of porcelain, as it not 
only produces a beautiful colour, but endures the intense heat 
of their furnaces without any deterioration. It is also used 
for staining glass of a blue colour, but its principal use is in 
the porcelain manufacture. 

100. Whai is the nature of manganese ? 

Manganese is a brilliant metal, of a dark grey colour, of con* 
siderable hardness, and one of the most infusible of the metals. 
It is very brittle, and when pure it is not attracted by the mag- 
net. Exposed to the air its surface rapidly tarnishes in conse- 
quence of its strong attraction for oxygen. It can consequently 
be preserved only by keeping it under naptha or strong alcohol : 
its specific gravity is 8. 

101. Where is manganese found ? 

The manganese, which we use in this country, is obtained 
in the state of black oxide, from the Mendip hills, in Somerset- 
shire, and at Upton-Pyne, three miles from Exeter. It is also 
found in abundance in America, and on various parts of the 
Continent. Pure manganese is never found native. 

102. What a/re the effects of oxygen upon T/vangatiese f 

This metal will become oxidized by mere exposure to the 
air ; it is supposed to form by union with oxygen four oxides 

103. What a/re the properties of these oxides ? 

The protoxide is a substance of a light green colour, it forms 
the base of most of the salts of manganese. The sequi-oxide 
of manganese is sometimes found native, and it constitutes the 
principal part of the residue after the preparation of oxygen 
gas from the black oxides of manganese. The peroxide is the 

♦ It has aUo been much employed by paper-mantifacturers to give 
^ Dlue tinge to writing and printing papers. 
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native black oxide which is found abundantly in nature, and 
■which is so extensively employed in the manufecture of bleadi- 
ing salt and in the preparations of oxygen gas. 

104. Wluxt are ike cudds formed hy union ofTnanganese with 
oxygen? 

Manganese forms with oxygen the manganic and perman- 
ganic acids. The first of these forms with alkaline bases the 
chameleon mineral, which is prepared by fusing nitrate of pot* 
ash with black oxide of manganese. The manganese is oxi- 
dized by the nitric acid of the nitre, and converted into an acid 
which combines with the potash^ and forms the dark green 
manganate of potash. 

105. Wh<a are the properties of this salt ? 

When dissolved in water it forms a solution of a dark green 
colour which speedily changes to blue, then to purple, and 
lastly becomes red, hence the name chameleon mineral. This 
property of manganese is frequently had recourse to in an 
analysis to discover the presence of manganese. 

106. What salts are there of manganese ? 

A variety of salts have been made with the oxides of this 
metal ; and when dissolved in water may be recognized by giv- 
ing with pure prussiate of potash white precipitates, with 
ammonia or potash white precipitates which speedily change 
to brown, ana with alkaline car1x)nates also white precipitate 
A carbonate of manganese is found native in Norway and 
Sweden. 

107. What are the uses of manganese P 

The oxides of manganese are used in the preparation of 
bleaching salt, in glazing black earthenware, and in purifying 
glass. In consequence of its readily parting with oxygen at a 
red heat, any carbonaceous matter which may be mixed with 
the melted glass undergoes combustion and passes off in the 
form of carbonic acid, and leaves the glass colourless. Too 
much manganese must not, however, be employed, or the glass 
will acquire a purple colour. 

108. IVhat is the nature of tungsten ? 

Tungsten is a heavy metal, of a grayish-white colour, very 
hard and of great infnsibility : its specific gravity is 17. 

109. How is tungsten procured? 

It exists in the native tungstate of lime, and also in the 
mineral called wolfram as an acid in combination in the former 
with the lime, and in the latter with iron and manganese. The 
add may be separated from them by processes already described 
(chap, vii 68} ; and from this the metals may be procured by 
passmg a stream of hydrogen gas over it when heated to red- 
ness, or by heating it intensely in contact with charcoal. 

I 
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110. How IB molyhdenum obtained 9 

Molybdemim exists in nature in combination with sulphury 
and also in combination with lead. From the former com- 
pound it may be obtained by digesting the snlp^huret with 
strong nitric acid, and by this means converting it into molyb- 
dic acid, and reducing this in the manner alieady mentioned 
for obtaining tungsten. 

111. How is cMumhium obtained f 

Columbium exists in the rare minerals tantalite and yttro- 
tantalite. It is a metal of an iron-gray colour, exceedingly 
infusible, and forming, by union with oxygen, an acid, 

112. What are the general properties of chromium ? 
Chromium, in its pure state, is a brit^ile metal, fusible only 

by the most intense heat, and with little disposition to unite 
with oxygen. Its specific gravity is 6*9. 

113. How is chromium (Stained ? 

Chromium exists in nature combined with lead and iron. 
It was discovered by Vauquelin, in a rare mineral from Siberia, 
which is a native bichromate of lead, and is also found abun- 
dantly combined with iron at BaltimcHre in North America, 
and in the Shetland islands. 

114. What compownds does chromium form with oxygen f 
Chromium forms with oxygen two compounds, the oxide of 

chromium and chromic acid. The former of these may bo 
prepared by boiling the bichromate of potash with muriatic 
acid until the acid is reduced to the state of oxide, and then 
precipitating by means of an alkali ; and the chromic acid may 
Be prepared from the same salt by the addition of fluoeilic 
acid, which precipitates the potash and leaves the chromic acid 
in a pure state ; or by mixing fluor spar with chromate of 
lead and strong sulphuric acid, and applying heat ; by this pro- 
cess we obtain a gas which, on being parsed into water and 
the solution then evaporated to dryness, affords pure chromic 
acid. 

115. What are the principal salts of chromie acid f 

The most important salt of chromic acid is the bichromate 
of potash, which is used in large quantities in the arts, and 
the chromate of lead, which is much used as a pigment. 

116. Whai are the iises of chromic acid ? 

Chromic add is extensively used by calico-printers in com- 
bination with potash for printing yellow and orange eolour&i. 
The chromic add is also much used in combination with lead 
as a yellow pigment, for which it is much preferable to olrpi- 
ment, in consequence of its not having the iioxioUs propwtiOQ 
of this substance. 

J.17. How is uranium obtained i 
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Uranium was discovered by Klaproth, in a mineral named 
pechblend ; it also exists in different varieties of miCa, to wlxich 
it imparts a green colour. 

118. How is titanium procured ? 

Titanium exists in considerable abundance in the state of an 
acid, combined with the oxide of iron ; from this it may be 
procured by converting the titanic acid into chloride of tit- 
anium, and heating this strongly in contact with anmioniacal 
gas. It has i also been discovered in the metallic state in the 
slags of several iron foundries. In these slags it is found in 
minute cubical crystals of a red colour, of extreme hardness 
and infusibility. Its specific gravity is 6'3. The oxide of tit- 
anium is sometimes employed for giving a brown colour to 
porcelain. 

119. What are the properties of tdluriwm, ? 

Tellurium is a brittle metal, of a grayish-white colour : it is 
fused at a very low temperature, and may be volatilized by an 
increase of heat. It is found only in the gold mines of Tran- 
sylvania. Its specific gravity is 6. 

120. Wha;t are the properties of palladium ? 

Palladium is a metal of a wmte colour, resembling platina, 
in the ores of which it is found ; when pure it is ductile and 
malleable ; and when dissolved in the acids it gives red salts 
on crystallization : its specific gravity is 11*8. 

121. Whai a/re the properties of rhoaium ? 

Bhodium was also discovered by Dr. Wollaston in the ores 
of platina ; it is a brittle metal of ,a white colour, and jprreat 
hardness : its specific gravity is 1 1 . Alloyed with steel it £rms 
a very hard compound. 

122. What are the properties of osmium f 

Osmium is procured &om the ores of platina. It is charac- 
terized by its peroxide being volatile, and having a sharp and 
pungent smell, something resembling chlorine, and when dis- 
solved in water giving a purple solution, which changes rapidly 
to blue. 

123. What are the properties of iridium ? 

Iridium is one of the most infusible metals known. It is 
found to exist in the ores of platina : it is with difficulty dis- 
solved in aqua regia. It may be procured by heating the chlo- 
ride of iridium to redness : its specific gravity is stated to be, 
when fused, 18*6. 

124. Endeavour to recapittdate thegemrcd properties of this 
doss of bodies. 

The metals are simple substances, distinguishable &om all other 
bodies by their lustre, by their great specific gp.vity, by their 
perfect opacity, and by their power of conducting electricity. 
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125. What are the olviom advantages which we derwe from 
these bodies f 

The metals are tlie great agents by whicli we are enabled to 
explore the bowels of theeartn, and to examine the recesses of 
nature ; their uses are so multiplied, that they are become of 
the greatest importance in every occupation of life. They are 
the instruments of all our improvements, of civilization itself, 
and are even subservient in the progress of the human mind 
towards perfection. 

126. i<M can doubtless offer some reasons why one metaH 
possesses such opposite and specific differences from another. 

This variety is not to be attributed to chance, but must 
certainly be the effect of consummate wisdom and contrivance. 
These metals differ so much from each other in their degrees 
of hardness, lustre, colour, elasticity, fusibility, weight, mallear 
bility, ductility, and tenacity, that NatureTseems to have had 
in view all ^he necessities of man, in order that she might suit 
every possible purpose his ingenuity can invent, or his wants 
require. 

127. By tohat means are these bodies rendered so important 
to us ? 

We not only receive this great variety from the hand of 
Nature, but these metals are rendered infinitely valuable by 
various other properties they possess. By their combusti- 
bility, * their solubility in fluids, their combinations with phos- 
phorus, sulphur, and carbon, and by their union with each 
other ; t whereby compounds or alloys are formed, extremely 
useful in a variety of aiirts, manufactures, and other requisites 
of life. 

128. By what other means does Nature render these bodies 
subservient to our wants, and capable of ministering to our comr 
fort and gratijlcation f 

Nature has furnished us with acids, whereby the most re- 
fractory metals may be dissolved and purified, and thus ren- 
dered fit for a variety of purposes, to which they could not 
otherwise be applied. By combining the metals with oxygen 

* Some of the metals are so combustible that they will bum before 
they sbcqaire a heat sufficient to fase them. Thas is the case with iron 
and zinc. A tMn shaving of zinc, as we before noticed, will bum 
without melting if held in the flame of a candle. 

+ Several of the metals have a very strong affinity for each other, aa 
may be shown by experiment. Mercury will dissolve lead, bismuth, 
2inc, and other metals. If a piece of lead and a piece of bismuth, each 
alloyed with mercury, be melted together, they form, when cold, a 
solid metallic mass; but from their affinity for mercury, they have ac- 
quired so much fusibility that they will melt by the heat of boiling 
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vre can invest them with new properties, and are enabled to 
employ these to promote the progress of the fine arts, by imi- 
tating the master-pieces of creation, in the production of arti- 
ficial salts^ spars, and gems, of every colour, and of evety shade.^ 
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1. Whctt is an oxide F 

Any one or more of the simple substances, when united to a 
less quantity of oxygen than is necessary to form an acid^ is 
caiHea aji oxide. 

2. What mbsUvncee a/re capaUe of forming oxides ? 

The mineral, the animal, and the vegetable kingdoms, all 
famish matters which are convertible mto oxides by union 
with oxygen, f 

3. In what way do metals become united to oxygen ? 
There are several ways in which metallic oxides are formed, 

the chief of which are by the access of atmospheric air, by the 
decomposition of water, and by the decomposition of acids; 

4. Will aU metals become oxidized by exposure to the air f 
No : gold, silver, and platina, cannot be oxidized, unless in 

a very high temperature ; though iron, copper, and lead, by 
long exposure to the air, will become oxidized in the coldest 
atmosphere. Manganese, by such exposure, will in a few hours 
be converted into a perfect oxide. 

5. Are metals ever exposed to the air with the design of covtr 
verting them into oxides f 

The common red lead of the shops, which is an oxide of lead, 
is made by melting that metal in ovens so constructed as to 
have a &ee access of atmospheric air. Some metallic solutions 
cannot be formed but in contact with atmospheric air or oxy- 
gen. Thus, copper or lead,^placed in acetic acid, and excluded 
&om the air, do not form any solution ; but if the mixture be 
exposed, oxygen is absorbed, and the solution takes place. 

* If phosphoric acid be united with silex by fasion, artificial precious 
stones may be prepared -with the compound, which may be coloured to 
imitate any particular kind, by one or other of the metallic oxides. 

i* The oxiaes appear to range themselves into two classes. There are 
oxides which are permanently such so long as they retain the oxygen 
which enters into their formation, and there are others which seem to 
possess only a kind of intermediate state between combustibles and 
SMnds, being convertible into acids by a further portion of oxygen. 
Gliis will appear as we proceed. 
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6. How is it hnotm that the change of eommon had to red 
lead is caused hy the absorption of oxygen f 

This is known by the increase of weight which the metal 
aoqmres during the operation ; and to confirm the fisict, the 
oxide may be again reduced, and the original quantity of metal 
left imaltered. 

7. Do aU metals increase equaJHy when converted into oxides? 
No : each metal has its extremes, between which it absorbs 

oxygen in various proportions ; and one metal may not only 
have a greater or less capacity, but also a greater or 16ss at- 
traction for oxygen than another ; so that one will often de- 
prive the other of it, thus reducing the oxide to its primilive 
metallic form. * Zinc, for example, by its powerful attraction 
for oxygen, decomposes a great number of salts and metallio 
solutions, and precipitates the metal from them in a metallic 
form, or in the state of oxides, less oxidized than they were 
before. This may be exemplified by the experiment of the 
metallic tree, which is formed by suspending a piece of zinc in 
a solution of oxide of lead in an acid. After a short time the 
whole of the lead is precipitated in the form of a tree, and in 
the metallic state, in consequence of the zinc depriving it of its 
oxygen. 

8. Whca Tnetals are oxidized by the deoomposition of water ? 
Iron, zinc, tin, and antimony deoempose water, and become 

oxidized by the process. The rust which forms upon polished 
iron is occasioned by the iron imbibing the oxygen of the 
water which it decomposes, a^ it meets it in the atmosphere. 
This metal, when heated, decomposes water with great rapi- 
dity. 

9. How do these metals operate in thus deoomposina water f 
This effect, like most of the operations of nature, aepends on 

chemical afSnity. These metals have a greater affinity for 
oxygen than oxygen has for hydrogen ; the oxygen of the wat^, 
therefore, unites with the metal, to form a metdHc oxide, while 
the hydrogen, the other ingredient of the water, escapes in tlie 
form of gas. 

* This may be shown by keeping a given weight of iron-wire red-hot 
for some time in the bowl of a common tohacoo-pipe, and weighing the 
iron before and after it has been sabmifetod to the experiment. 

The pin-mannfaotturers whiten their pins on the same prindpie. 
They fill a pan with alternate layers of pms and grain tin, into whi<di 
they pour a solution of siip6r*taitrate of potash, and then boil the whole. 
for four or five hours. In this process the tartaric acid first dissolves 
the tin, and then gradually deposits it on the surface of the pins, in 
conseqaence of its greater affimty for the zinc, of which the (toss wi^0 
is composed. 
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Id h U known what propoffian of oxygen each metal re- 
quiresy in order to its hein^ eomerted to an oxide f 

Most of the metals are capable of oambining with different 
proportions of oxygei^ according to the mode by which they 
are oxidized. 

\\, In what imtaneet are aeide used to qxidis^ metah f 

Many instances of this mode of forming n^etallio oxides might 
be adduced : thus, oommon white lead ia made by exposing 
sheet lead to the fumes of acetic acid ; * and the oxide of tin, 
b^ submitting that metal to the action of the nitric acid. 

18. What are the properties of metdRiooxidea? 

They are in general friable and pulverulent ; are hei^vier 
than the primitive metal ; and with the different adds form 
metallic salts. The nature of the combination of oxygen with 
a metal, the subsequent solution of the metal in an acid, and 
its reproduction, may be shown in a satis&ctory manner by 
the following experiment : — ^take a quantity of copper filings, 
boil them in concentrated sulphuric acid (common oil of vitriol) 
with a small portion of nitric add ; and when the copper ia dis- 
solved dilute the solution with water, and set it aside to crys- 
tallize. The crystals thus produced will be sulphate of copper, 
and will exempli^ the formation of a metallic salt. If these 
crystals be now dissolved in a little water, and the polished 
blade of a knife be immersed in the solution, the copper will 
be reduced, and appear of its natural colour upon th0 knife. 
The oxygen, having a greater aQinity for the iron than the 
copper, passes to the iron, by which the copper becomes de- 
oxidized, and consequently insoluble in the add : it is therefore 
precipitated from the solution, and attaches itself to the knife 
m a metallic form* In the formation of sulphate of copper, the 
oxidation of the metal, and its solution in the acid, seem to be 
only one operation ; but the metal is undoubtedly /r^^ oxidized 
by the oxygen of ^e nitric add, and then becomes soluble in 
the sulphuric' add. 

13. Is it necessary to oxidize ike metals that are intended to he 
formed inio metaUio scdts I 

* The manufaMstnte of white lead is oonduoted in the following man- 
ner i"X number of earthen oraoibles, holding from three to aix quarts 
each, and nearly filled with vinegar, are placed in hot-beda of tan; upon 
these emcibles thin sheets of Imd, roUed up in coils, are placed, one 
coil over each cmdble. The heat of the bed occasions the vinegar to 
rise in vapour^ which attaches itself to the lead, and oxidizes its sur- 
face to a considerable depth. At a certain time the oxide which has 
hoBSL tiius formed is scraped off, and the coils of tlie lead replaced; in 
this manner the operation is repcAt^d till the whole of the metal is 
oxidized. This oxide, which contains a portion of carbonic acid, is af- 
terwards washed, and ground for sale. 
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All metals are incapable of dissolving in most of the add% 
until they are combined with oxygen. This is a fiict of greai 
importance to be remembered ; and it is for this reason that 
many metals will dissolve but slowly in strong adds which will 
yet rapidly be acted upon by diluted adds. Zinc, for instance, 
is but slightly acted upon by strong sulphuric add ; but if 
the add 1^ diluted with water a rapid action takes place, and 
hydrogen gas is disengaged in consequence Of the oxygen of 
the water uniting with the zinc to form oxide of zinc which is 
immediately dissolved in the acid, and the hydrog^ is di»« 
engaged. The action of diluted nitric add on iron or tin affords 
an example of the same &ct. 

14. Is there any instance of the stronger adds being made use 
of by manufacturers to dissolve metals f 

Yes : the manufacturers of sulphate of copper, commonly 
called makers of Boman vitriol, boil the oxide of copper in 
strong sulphuric add, and dissolve it by that operation. 

15. What other instances are there of mamtfactfurers using the 
mineral adds for dissolving metals t 

Silver is dissolved in nitric add, by the refiners, in the 
business of parting ; gold is dissolved in nitro-muriatic add, 
for painting china ; and the dyers use large quantities of tin 
dissolved in nitro-muriatic add. 

16. Is it possible to recover Tnetals which have been dissolved 
in adds f 

The attraction of the different metals for oxygen is so various, 
that several of them, when dissolved, may be predpitated even 
in a metallic form, by the addition of metals that have a greater 
affinity for oxygen than the dissolved metal."^ 

17. What is the visual Tnode of reducing metallic oxides f 
Charcoal is the agent usually employed, on account of its 

superior a^nity for oxygen.t Hydrogen ^ may also be em- 
ployed for the same purpose, for from its great attraction for 
oxygen, it will separate tnis gas from a great number of oxides, 

* When the ailyer is dissolved in aqua fortis, the lefinen recover 
it by placing plates of copper in the solution. The oopper absorbs 
oxygen from the silver, ana the latter is precipitated in a metallic state. 
AU metals have the power of de-oxidizing gold and silver; copper will 
take oxygen from mercoij ; and iron will reduce an oxide of copper. 
The degree of attraction for oxygen which the di£ferent metals posseasy 
seems to be in the following order : — ^manganese, one, iron, tin, oopper, 
mercury, sUver, gold. 

t The usual mode of procedure is to mix a quantity of charcoal with the 
metallic oxide, and subject the mixture to an intense heat in crudblee. 
The oxygen combines with the charcoal, and wiUi a portion of oalarie, 
and goes off in carbonic add gas ; the metal then falis to the bottom of 
^he crucible, and runs into a solid mass. 
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if th^ be exposed to heat and a current of hydrogen passed 
o^er them. 

18. Are you €u:quaintedwUh any other agent which u equal 
to the de^xidizement of a metal f 

Yes : some metals have so loose an attraction for oxygen, 
that even light will separate it, and reduce the oxide to its ori- 
ginal metalhc state. Sennebier first pointed out the fact that 
the violet rays of the solar spectrum have the greatest power 
of reducing metallic oxides. It was afterwards shown by 
Wollaston and Bitter that the deoxidizing or chemical rays of 
the spectrum actually exist beyond the limits of the violet 
rays, and that there are some invisible rays in the spectrum 
which possess the chemical effects of decomposing solutions of 
gold and silver ; heat will also decompound Ihe oxides of gold, 
silver^ and platina. 

19. What oandes are there besides metallic oxides ? 

We are acquainted with oxides of each of the simple com- 
bustibles, phosphorus, hydrogen, carbon, and with several of 
nitrogen. 

20. What is the origin of the oxide qfphosphortu f 

If phosphorus be not preserved entirely m>m the access of 
air and light, it soon becomes first white and then of a dark 
brown colour, by its union with oxygen. In this state it is 
oxide ^phosphorus. 

21. WrUu is the nature of the oxide of hydrogen f 
Hydrogen combined with one proportion of oxvgen, or one 

part by weight of hydrogen combmed with eight purts by 
weight of oxygen, forms the well-known substance water. 

22. Does hydrogen form any other compound with oxygen f 
Thenard succeeded in producing a compound consisting of^ 

one part of hydrogen and 16 of osr^n, wmch he named pero- 
xide of hydrogen. This compound is a fluid having the specific 
gravity 1*4. of a sharp acrid taste, and readilv decomposed'by 
heat, lon^ exposure to air, or by the action of many metals. 

23. What IS the nature of the oxides of carbon f 

Hie first degree of oxidation of carbon produces carbomo 
oxide ; a further degree of oxidation produces carbonic acid gas. 

24 How is carbonic oxide prepared f 

Carbonic oxide, which was one of the last discoveries of Dr. 
Priestley, is procured by heating charcoal with metallic oxides, 
or earthy carbonates, or by the means mentioned in a preceding 
chapter. 

25. What is the difference in the composition of carbonic oxide 
and carbonic acid f 

Carbonic oxide contains 8 parts by weight of oxygen to 6 of 
carbon, and carbonic acid 16 of oxygen to 6 of carbon. 
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26. What are the properties of caf^onio <mde f 

Oirbonic oxide^ like most other gases, is invisible and elastie ; 
its specific graviiy is somewhat less than that of atmospheric 
air ; it is highly combustible ; bnt it is a gas that will not it- 
self support combustion ; neither is it fit for animal respiration. 

27. What are the oxides of nitrogen f 

The first degree of oxidation produces nitrous oxide; a 
further portion of oxygen forms nitric oxida Both these 
oxides are in the state of gas. 

2a Wkai is the origin of nitrous oxide} and how is it procured? 

Kitrous oxide is another of the gases discovered by Dr, 
Priestley. It is readily procured by exposing orvstals of nitrate 
of ammonia in a retort, to the heat of a lamp ; by which means 
the ammoniacal salt is decomposed, and this gas evolved. 

29. What are the properties of nitrovA oxide gas f 

lliis gas bears the nearest resemblance of any other to atmo- 
spheric air. It will support combustion even better than com- 
mon air, and is respirable ; it is in a slight degree absorbed by 
water, to which it imparts a sweetish taste. 

30. How do you explain the changes which take ptaee when 
nitrous oxide gas is pirodueedfrom nitrate of ammonia f 

When nitrate of ammonia is heated strongljr, the only pro- 
ducts which arise &om its decomposition are mtrous oxide gas 
and water ; the nitrate of ammonia consists of nitric acid, which 
is composed of five equivalents or atoms of oxygen to one of 
nitrogen, and ammonia, which consists of three equivalents of 
hydrogen and one of nitrc^en ; the three equivalents of hydro- 
gen of the ammonia unite with three equivalents of the oxygen 
of the nitric add to form water, and the remaining two equiva- 
lents of oxygen of the acid unite with t^e two equivalents of 
nitrogen to form nitrous oxide gas. 

31. How is nitrio oxide proaimdf 

Nitric oxide, or nitrous gas, as it has usually been called, 
was also discovered by Dr. iViestley, during some of his first 
experiments on air. It is procured by digesting copper or 
mercury in diluted nilarie acid, and collecting the gas which 
rises during the solution. 

32. What are the properties qf ni¥rie oxide 9 

Nitric oxide is an invisible gas, which assumes an orange 
colour whenever it comes in contact with atmospheric, or any 
other air that contains oxygen, in consequence of the prodno- 
tion of nitrous add. 

33. How has this gasheenappliedtothapwposeofeudiovMtrjiff 
In consequence of the property which this gas has of beii^ 

decomposed by oxygen gas. Dr. Priestley proposed to apply it 
to the purposes of eudiometry, by using it to deprive air of its 
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oxygen, whicli it immediately oombines with, forming nitrons 
acid, which may be absorbed by water, and thus the whole of 
the oxygen is separated from atmospheric air. However, the 
nse of nitric oxide gas for this purpose is much restricted by 
the number of the precautions necessary to be observed, and 
the modes of analyzing atmospheric air already mentioned are 
generalW preferred, 
34. What are the general propertiee of the ehhridee f 
Like oxygen, chlorine has a strong attraction for bases, and 
in general a stronger attraction tluui this substance, which it 
-will displace from most of its compounds. It also forms with 
bases, acids, and salts, resembling oxides in their composition ; 
the general properties of the chlorides aro, they aro solid, crys- 
talline substances, having solubility in water not decomposaole 
by the strongest heat ; many of them aro volatile, and they 
may in geneiul, like the oxides, be decompounded by the action 
of hydroffen gas ; and when in solution, they may be all de- 
oorapounded by a solution of silver, which takes chlorine form 
all its combinations. 



Xni. CX)MBUSTION, 



1. Wua U conAuttion f 

Combustion was formerly considered a proeess by which com- 
bustible bodies decomposed oxygen gas, absorbed its bsuse, and 
suffered its caloric to escape in uie state of sensible heat. As 
we aro now acquainted with many chemical combinations 
which aro attended with combustion (or the extrication of heat 
and light) in which no orvgen is present, we must define com- 
bustion to be the union of substances having strong attraction 
for each other, and which during their oombmation evolve heat 
and light. 

2. Can you give any exwm/pUe of combustion in whioh oxygen 
does not hear a part f 

The combustion of phosphorus and metals In chlorine gas 
afford examples of this, and of copper in the vapour of sulphur ; 
potassium also undergoes combustion in chlorine and in the 
vapour of iodine. 

3. Are aU svhstanaes capable of being htimt f 

No : some substances are combustible, others incombustible. 

4. What da you mean by simple combustibles f 

Those combustible substances that have resisted eveiy at- 
tempt to decompose them aro called simple combustibles. 
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5. Endeavort/r to enwmercUe the siinple cwnJbuOdiUs? , 

The simple combustibles with which we are acquainted are^ 
hydrc^en, sulphur^ phosphorus, selenium, carbon, and the metals. 

6. How can you prove that the metals are combugtiUe f 

If we pass some copper foil into a bottle containing chlorine 
gas, the coj>per will take fire and bum ; the same will happeai 
with zinc, tin, antimony, &c. &c. This may also be proved by 
the following experiment of Dr. Ingenhouz with respect to oxy- 
gen : — " Tmst a small iron wire into the form of a corkscrew 
by rolling it round a small stick ; ^ one end of it into a cofk 
(which ^nll fit a glass jar previously filled with oxygen gas), 
and lap round the other end a small bit of cotton thr^ul dipped 
in melted tallow. Set fibre to the cotton, and immediately 
plunge the whole into the jar of oxygen gas. The wire will 
take fire from the cotton, and bum with great brilliancy, throfw- 
ing out very vivid sparks in all directions. During the oom*^ 
bustion, the iron combines with the oxygen in the jar, and is 
converted into an oxide, with an augmentation of its weight. 

7. What substances are there which are incombustitile t 

We are acquainted with thirteen incombustible substances ; 
viz., nitrogen, the three alkalies, and the nine earths. 

8. What is the nattire of combustion f 

Combustion waa formerly considered to be a double deoonH 

Eosition, in which the combustible and the supporter of conn 
ustion divided themselves each into two portions, which 
combined in pairs ; the one forming the product, the other the 
fire which escapes. It is now considered that combustion 
aiises from the union of bodies in opposite electrical states, 
the heat and light disengaged being probably due to the imion 
of the two electricities. 

9. What do yov, mean hy supporters of combiution f 

The substances which are called supporters of combustion 
are not of themselves combustible, but are necessary to the 
process ; that is, no combustion can ever take place without 
one or other of the supporters of combustion being present. 

10. What substances are deemed supporters of commstion f 
Oxygen, chlorine, iodine, and bromine, are all supporters of 

combustion ; to these may, perhaps, be a^ded, fluorme. It is 
in consequence of the existence of oxvgen in atmospheric air 
that the combustion of candles, fuel, &c takes place, the oxy- 
gen unitix^ with the carbon and hvdrogen of the burning 
body fonning water and carbonic add gas. 

11. Zf it movm how oxygen siwpports corrilmstion f 

The agency of oxygen m combustion is attributable to its 
affinity for combustible bodies. For, whenever such bodies 
are ignited in circumstances fiavourable to combustion, they 
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absorb oxygen from the air, or other contigaous substonoes, 
tiU the oombustible is converted to an incombustible body. 

12. From whence proceeds the heat which we observe during 
eombtution f 

Formerly the heat produced by combustion was supposed to 
Arise from the oxygen gas of the atmosphere ^ giving out its 
latent heat by changing from a rarer to a denser state : this, 
however, cannot be considered as the true explanation, as in 
many cases the density of the product of combustion is less 
than the mean density of the oxygen and the combustible. 

13. Can you explain this operation with more precision f 
The act of comoustion effects a real analysis of atmospheric 

air ; for while the oxygen combines with the combustible, the 
caloric, in the form of sensible heat, is thrown off in every 
direction. 

14. Does this account for the long-eontinued heat which we 
e xper ience in every commx>n combustion f 

whenever we bum a combustible body in order to procure 
heat, a continued stream of atmospheric air flows towEurds the 
fireplace, to occupy the vacany left by the air that has under- 
gone decomposition, and which in its turn becomes decom- 
posed also. Hence a supply of caloric is furnished, without 
intermission, till the whole of the combustible is combined with 
oxygen. 

15. Is the presence of atm^ospheric air necessary in aU the 
ordinary cases of comhtutiony svjch as qffuely canoUes, dec. 

Combustion cannot take place in a vacuum : no combustible 
body can bum without atmospheric air, or at least without 
oxygen, which is a component part of the atmosphere. This 
may be demonstrated by placing a lighted candle under a glass 
jar, inverted upon a plate of water. It will be seen that the 
candle will go out as soon as it has consimied all the oxygen 
contained in the included air. 

16. In what do comhvstible bodies differ from each other ? 
Combustible bodies differ from each other principally in the 

rapidity with which they absorb oxygen, and in the proportion 
of it which they can take ,up, to form the new compound. 

17. How is it knovm that oxygen unites toith the combtistible 
body in the act of burning ? 

If a combustible substance be burnt in a sufficient quantity 
of vital air in a close vessel, and the product preserved, ^e 

* Though everv case of combustion requires that heat should be 
evolved, yet this heat process proceeds very differently in different cir- 
cumstances. Hence the terms igniUonf i^fiammation, detonation^ 
ko., &c. 
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whole will be foond to be increased in weight * exactly in pro- 
portion to the oxygen gas consumed; and the combustible 
body will then have become incombustible. 

18. What is the cause of a body hecorrdng thus in/combustSHe f 
Because when a body is fully Dumt it is saturated with oxy- 
gen, at least as &r as combustion can saturate it ; it therefore 
cannot combine with any more ; but some bodies may be ren- 
dered combustible again by depriving them of the oxygen 
whid^ they absorbed in their former combustion.t 

19. In the decomposition of atmospherio air h^ combustion, 
what becomes of the nitrogen gas f 

As the oxygen becomes fi^ed in the combustible body, its 
caloric is disengaged ; part of which combines with the nitrogen^ 
and carries it off in the form of rarefied nitrogen gas. 

20. What chemical nam/e is given to burnt bodies f 

Such substances are said to be oxygenieed^ or oa:idieed; that 
is, changed into acids c»r oxides. 

21. Does the oxyg&n become fixed in aU conibustibk bodies 
when burnt f 

It is a characteristic property of a combustible body to form 
a chemical oombiDation with the oxygen, which is furnished by 
liie supporters of combustion. The oxygen acquires such den- 
sity by this process, that it is ofben extremely diffijcult to 
separate it again from the oxide. 

22. Is it possible to separate endrdy the oxygen from burnt 
bodies f 

Yes: bodies may be deoxidized in various ways;]; and in Bomo 
cases the oxygen may be transferred from the burnt body to a 
fresh combustible body, and be made the means of producing a 
fresh combustion ; or it may in many cases be completely sepa- 
rated, and diown in its primitive or gaseous state. 

* PhosphoniB is an eminent instance of this increase by combnstioii. 
If an ounce of phosphorus he properly inflamed, it will produce more 
than two ottnoes of phosphoxie adai the inoreaae in weight arifles firam 
its absorption of oxygen. 

i* This view of combustion authorizes us to divide almost all the pro- 
ductions of nature into two grand classes, — one of coTnbustible bodies, the 
other of bodies abeady burnt. — Fowrcrci/. 

X Water, as we have shown, is a product of combustion^ and its base 
is hydrogen, the most combustible substance we are acquainted with. 
To restore the combustibility of the hydrogen, we have only to abstract 
its oxygen, which mav readily be done by TniTing iron or zinc filings 
and stdphuric acid witn the water, by which means the metal becomes 
oxidizeo, and the hydrogen gas is evolved as combustible as ewer. This 
may be adduced to show that the simple safaBtanoes camiot be divested 
of their own peculiar prx^rtieB by any of our mixtures, or even ehcoui* 
cal combinatione. 
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53. Wh(U paii of bodies is it which is destroyed by combustion .^ 
No part ttat we know of. We have reason to think that 
every particle of matter is indestructible, and that the process 
of combustion merely decomposes the body, and sets its several 
component parts at Hberty to separate from each other, and to 
form new and varied combinations. 

24. What is the natwre of flams which a/ppears in many censes 
of comhmtion f 

Flame is gas or vapour heated to a sufficiently high tern- 
P6tatni« to &come hminona, and tlus temperatuk isbeyond 
that of solid bodies heated to whiteness. 

25. How can this he proved ? 

If we hold a platina wire in the flame of hydrogen or of 
burning spirits of wine, we find that the wire will become 
white hot, even at some distance above the actual flame. We 
may also prove this by applying an iron heated to low redness 
to a jet of coal ^, when we ■mil find that the gas will not be 
inflamed, but will be immediately inflamed by applying to it 
the metal at a white heat, or the flame of any combustible 
substance. We also find that by cooling flame it may be ex- 
tinguished; if, for example, we surround a very smadl flame 
of a taper or lamp with a ring of cold metal, or immerse it in 
a jar surrounded by a freezing mixture, the flame will be im- 
mediately extinguished. 

26. Can you adduce any experiments to prove that the light 
of flxvme is due to the quantity of solid disenaaged in it f 

Sir H. Davy proved that the light of carburetted hydrogen 
was due to the quantity of solid matter disengaged in it, by 
placing in the central part of the flame A piece of wire gauze, 
which immediately be(»,me coated with charcoal, which would 
therefore see^i to be disengaged there, and be the cause of the 
intensity of the light of that portion of the flame ; if the wire 
gauze m placed at the uppet or lower extremity of the flame, 
no charcoal is deposited, because^ in the former case, it has un- 
dergone complete combustion, and has been converted into caiv 
bonic acid, and in the latter, the charcoal has not been separated 
by the decomposition of the gas. The fld.me of the oxy-hydro- 

fen blow-pipe^ though producing the most intense heat that can 
e formed artificalJy, bums i¥ith a light hardly perceptible, 
but if a solid substance^ such as lime or alumina, be introduced 
into it, the light becomes most brilliant. 

27. How is the differenit quantity of light given ovZ dwring tlie 
combustian cf d^erent gases aocowniedfor f 

Sir H. Davy accounted for this by sa3^ing that the brilliancy 
of the flame is " proportional to the quantity of solid matter 
^t deposited and afterwards burnt;" that in the different 
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combustion ia due to me quantity of solid charcoal whicn they 
contain, which is depoaited in the flame daring tlie combnatJoD, 
and then intenaely ignited pre'vious to its chMige into carbonic 
acid gas ; in general, it seems prohahle that the inteDsenesa of 
a flame depends on the quantity of solid matter which nnder- 
goes combustion in the given vapour or gas. 

28. What fn-acticai ims hai been made by Sir H, Dwey of thit 
ditemxry of the natitre of fame ? 

The knowledge of thia fact, relatiTe to flame, led to the die- 
covery of the safety lamp ; Sir H, Davy having found that 
flame was gaseous matter at a most intense degree of tempera- 
ture, and having observed that flame would not pass through 
veiy small tubes, in consequence of its being cooled down 
below the temperature neceasary for its combustion, was led to 
infer, that by surrounding the flame of a candle with wire 
gauze (which may be considered as consialinz of a collection 
of small tubes), it would prevent flame from oeing communi- 
cated to the explosive mixturea which exist in many coal- 
mines (and are [»lled by the miners the firedamp), which had 
previously frequently caused by their exploaioa great injury 
and loes of life, 

39. What U ike eofutruetion of Che safety lamp f 

It consists of a small oil lamp, to which ia 
screwed a cylindrical piece of fine wire ganze, 
which completely surrounds the flame, so that 
there is no communication with the external air, 
except through the meshes of the wire gauze. 
In some of th^ lamps the lower part of the cylin- 
der consists of a double fold of wire gauze, and 
n others the gauze is made of copper instead of 
ron wire ; externally are placed three strong 
ron wires attached to an iron ring, by whii£ 
the lamp may be carried in the han<C and which 
also serve to protect the iron ganze from injury. 
)0. How diet this prove a meant of prolectitm 
against the explosion of the fire'damp f 
When this lamp ia broufjht into a mixtore of 
, the explosive gas, the explosive mixture will bnm 
inside the lamp, but the flame cannot be com- 
municated to the gas external to the lamp, in coq- 
sequence of the flame being cooled down below 
Z~"„ the temperature at which combustion takes pUoo 
^ ' in passing through the meahea of the wire gaose.^ 

* tnie prindi^s upon whidi wire gaoze prevents the ooiomi 
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•31. What %8 the eau9e of the light emiUed in aU eases ofeomr 
bunion f 

It is suppoeed to arise either from the separation of a pecu* 
liar impondHiikble substance from the burning body, or the 
body entering into combination with it, or from a vibratory 
motion communicated to a subtile elastic ether supposed to 
pervade all space. 

of flame, may he readily exj^lained. ilame is gaaemiB matter heated fio. 
intensely as to become limunons: and Davy found that this degree of 
heat is greater than that of solid oodles heated to whiteness. Now, the 
metals are rapid condnctors of heat ; when the flame, therefore, comes 
in contact with the wire-gattze, its temperature is so reduced by th» 
conducting |>ower of the metal that, although the gas passes freel^: 
through the interstices, and is still veiy hot, it is not sufficiently so to 
become luminous. That wire-gauze does completely intercept the 
flame of a burning body, may be proved by the following simple experi- 
ments. 1. If a piece of thick iron or brass wire be bent 
into a little ring, as represented in the figure, and this ring 
be gradually lowered over tiie flame of a candle until it sur- 
rounds the wick, the flame will be extinguished, owing to the , 
irire conducting away the heat with each, rapidity that the y. _ 
caseous matter is cooled below the temperature necessary for ^* ^* 
Same. 2. If a piece of wire-gauze be placed over the flame of a lamp,' 
as in the subjoined figure A, the hand may be applied above the ffoueetar 



1 





Fig. 88. 

near to the flame as possible, without ix^'uxy; but, on removing the 
gauze, the heat cannot be endured by the hand in this position for a 
moment. 3. H abottle be filled with an Inflammable gas, and a slender 
pipe be fitted to its neck, the gas may be infiamed as it escapes. If a 
piece of wire-gauze be held over the flame, as at A, the flame will be 
flattened, but will not pass through the gauze. If, on the other hand, 
the gas be inflamed alxm the game, as at B, it will bum freely, but the 
flimie will not be communicated through the gauze to the contents of 
the pipe. 

K 



146 coHBusnoN. 

32. Wha$ are the two theorieBrespecHng the nature of Ughif 
According to Sir L Newton, light is a material imponderable 

sabstance given oat by all luminous bodies, of which the stin 
is the principal source, its particles moving with the velocity 
of 190,000 nules in a second of time ; according to Huysena 
(whose theory is most generally adopted at the present day), 
light is supposed to consist in the vibrations of an ejastic ether 
wich pervades all space, which is put in motion by the par- 
tides of the luminous body, this motion being transmitted m)m 
particle to partide of this ethereal medium, thereby convej^i^ 
to our senses, from the illuminated body, the sensation of light. 

33. How has the velocity with which light moves been ascertained f 
It was first ascertained by observing the difference of time 

at which the edipses of the satellites of Jupiter took place^ 
when the planet was nearest imd most distant from the earth, 
or in opposition and conjunction: it was found that in the 
latter case the eclipse occurred 16 minutes 25 seconds later 
than it should have done according to calculation ; it WEuaf, 
therefore, justly inferred that this difference was owing to the 
light from the planet having in the latter case to travel a dieh 
tance equal to the diameter of the earth's orbit, or 190,000,000 
miles ; tnis supposition was afterwards frilly confirmed by other 
observations. 

34. Whai are the principal chemical properties of light f 
We have already mentioned the property which the solar 

rays possess of deoxidizing certain metallic compounds ; light 
also exercises some degree of action on the crystallization of 
bodies ; its effects upon the growth of aTiimals and vegetables, 
which may be to a certain degree considered chemical pro- 
cesses, are likewise weU known ; in £9LCt, in the changes taking 
place around us, the presence of this agent seems essential, for 
without its influence the earth would be altogether unfit for 
animal or vegetable existence. 

35. Hoio is light cLiffiuedf 

By radiation, reflection, and refraction. 

36. How is light by radiation diffused f 

Light moves like heat, by radiation in straight lines in all 
directions fit)m luminous bodies. Hie vdodty of its motion 
is so great that it occupies scarcely eight minutes in passing 
frx>m the sun to the earth ; it conseqtLently moves at the rate 
of nearly 200,000 miles in a second, and would occupy only 
l^th of g^ second in traversing a space equal to the circumfer^ 
enoe of our globe. The intensity of light increases and dimi- 
nishes inversely, as the squares of the distance between the 
luminous and tne illuminated body.* 

* This may he iUustrated by a simple experiment. If a board a foot 
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37. How is ligM diffused l^refleciionf 

When a ray of H^ht fidls upon a polished stirfaoe, afi of glass, 
it bounds off in the same relaliye direction in which it ap- 
p!roached.^ 

square A B, be placed at the distance of one foot from a candle 0, 
it will hide the light from a second board of two feet sqaare n, 
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placed at the distance of two feet frx>m the candle, or of a board three 
feet square E v, placed at the distance of three feet from the candle. 
TSfmf a board of two feet square is four times as large as a board of one 
foot square; and a board of three feet square is nine ^mes as lai^ as that 
of one foot square ; thus, the light at double the distance is spread over 
four times the surface, and at treble the distance over nine times the 
BorfiEMje it was spread over at the fiivt distance. As the divergence 
iricrecues, the intensity decreases. The application of this principle to 
the diminution of light which we should suffer on being remored farther 
from the sun's influence, is obvious. 

* Thus, if a sun-beam, Eig. 40, passing through a small aperture in 
the window-dmtter A, be permitted to &U upon the plane mirror D 
at right angles, it will be reflected back at right angles with the mirror, 
and therefore will pass back again in exactly tlM same direction in 
which it approached. But if the ray strike the mirror in an oblique 
direction, it will al^o be thrown off in an oblique direction, opposite to 
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that hi which it was thnywa. tiet a ray pass towards a mirror in the 
line A O, ]Pig. 41, it will be reflected off in the direction of o D, making 
the angles 1 and 2 exactly equal. The ra^ a o is called the incident 
ray, and the ray o D the rejected ray; and it is found, in all cases, that 
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38. How u light diffused by refraction? 

Although a ray of fight always passes in a straight line when 
not intermpted, yet whsu it passes obliquely from one trans- 
parent body into another of a different density, it leaves its 
linear direction, and is bent or refracted more or less out of 
its former course* 

39. What is the polarization of liff hi F 

It is the property by which a ray of light, after its emei^ence 
from the substance, or reflection from the surface, of a Body, 
acquires poles or sides with different properties, in relation to 
the plane of its incidence.t 

40. What is understood hv the decomposition of light f 

The division of a ray of light, in traversing a prism or solid 
piece of glass in the form of a triangle, into its constituent 
parts, or violet, indigo, blue, green, yellow, orange, i63.d red 



whatever an^e the ray of inddenoe makes with the reflecting fsarha^ 
or with a perpendionlar line drawn from the reflecting sorface, exactly 
the same angle is made by the reflected ray. 

'Inthiflcase, instead of passing through the « 

new transparent body D, in its natural direc- 
tion of a stodght line A E, it will he hent on enter- 
ing it, from o to N, and on making its exit at N, 
it will be again bait in the contrary direction, 
and proceed onwards in a straight Ime, parallel 
to its original course. This portion of the ray 
is said to. be rtfracted ; in other words, its 
direction has been broken. It may be stated 
as a law, that when light paaaes obliqndhr 
into a denser medium, it is re&acted Unoards 
the perpendicular^ and on its emergence into 
a rarer medium, it is refracted /rom the per- I'ig. 48. 

pendicular. 

+ This may be thus further explained ; — ^When a ray of light has been 
reflected from the surface, or transmitted through the subsUmce, of any 
homogeneous uncrystallised body, the inoperty of the reflected or trans- 
mitted light continues the same, so long as the light &U8 on the first 
surface always at the same angle ; that is, the different sides of the rays 
exhibit no difference of property in relation to the plane of its inci- 
dence. Such light is caUed common light. But when ^ body, from 
which the ray is reflected, or through which it is transnutted, is turned 
round so that the light falls upcm it at one particular angle, the |xro- 
perties of the reflected or transmitted light are changed; it has acquired 
the property of entering transparent bodies at certain anj^es, and not 
at any others. Hence it foUows, that the different sides of such rays 
have different properties in relation to the plane of their incidenoe. 
Such light is termed polarized light, in consequence of its rays) having 
poles, or sides with different properties, like those of a magnetic bar. 
One of the properties of polarized tight consists initsnat being refleoted, 
like common hght, when it falls upon a second reflector. 
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coloured rays ;* the appearance thus produced heang called the 
prunuUic spBCtfUfn, 

41. I)o the raTfa of the prismatic spectrum possess diferentp^ 
perties? 

Tea; some of the rays are more calorific than others. Host 
heat is found associated with the red rays, and the least with 
the violet. The prismatic spectrum also produces what are 
called chemical rays. Thus chlorine gas, under the influence 
of light, decomposes water ; and a similar effect is produced by 
the dilorine in recently precipitated diloride of sOver ; in the 
former case, the chlorine combines with the hydrogen, and oxy- 
gfm. is set free ; in the latter, the oxygen combines with the 
silver, and changes the colour of the compound froifi white to 
black. The chemical effect of light is remarkable in its acti(m 

* If a niy of light from the Ban, s, be admitted into a dark room fhioQgh 
an aperture in a window-shutter ▲, and be made to pass through a solid 
azigle of giaas, or prism r, instead of passing onward in its natural 










Fig. 48. 



direotion C^ it is refracted as it enters the glass, and is again refracted 
as it passes out of it. If it be now received upon a white card H K, it 
will be found to have been decomposed, and instead of presenting a 
round spot of white hght^ it exhibits an oblong image, consisting of 
seven buids of different colours, which will be situated in respect to 
«ach other as named in the figur e. This oblong image is calied the 
eolar or prisnuUie spectrum, when the rays of hght which have been 
thus separated are collected again by a lens, white or common light is pro- 
duced. Theseparationof the beams of light composing the spectrum is 
owing to their having different refractive powers, the red beine refracted 
in the least, the violet in the greatest degree, from their original direction 
c. Each of the seven colours consists of li|^t, which is no longer decom- 
posable, like common light, but has uniform refractive properties, and 
hence tiiey were termed by Newton simple or hmto^eneous colours, to 
distinguiBn them from common or white Ught, which he called com- 
pound or heterogeneous. The coloured bands of the spectrum differ in 
width, and are shaded into each other ; and it has been recently deter- 
mined by Sir D. Brewster that the primary rays of colour are 
three only, blue, yellow, and red, the others being merely composi- 
tions of these. A portion of each of the primary rays is found at 
every point of the spectrum, together with a certain quantity of 
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upon i^orine ciud hydrogen, a iniztnre of which is instauUv 
deton&ted by bright BunHhine. The cheniioal power is found 
(it the two extrranities of the spectrum, particularly at the 
upper end, where it eit«nds even beyond the limit of the violet 
isy ; theM chemical raya »n, therefore, more re&angibte tbait 
any otben in the spectrum. The ch&racter of the chemical 
lays is to prodnce deoompodtiooa, in which orygen is eepa- 
rated from wat«r and other oiideH ; and hence they are some- 
timee termed de^aidi^ttg rayi. Morichini and Mrs. Somer- 
viUe hsTe stated that &e violet rays oonununicate magnetic 
properties to iron ; bat this subject req^uiree further ezanunatioiii 

4^ Whatitphomhomeencef 

The erolntion of light from Tuiom bodies,* independenti; 



whits lisht, bat eocli of the piimKry nys piedominates at a particular 
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what bdow the middle, and an leae gp 
tefranEible; Uie Ted ooonpy the lower* 
put, and are least refruy^ilile. H 
eonmrottd (petfrum is piodoeed by tl 
comtonaHim of the three ample ipei 
tra, the hlne, the yellow, and the rec 
which are ahaded u Teprwonted in tl) 
Sgnre. Henee, not one of llis nre 
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difEerent proportions of red and ye 
low. Upon theae lav> dniend tl 
•ndlea vwioty and ehange of qoloonj STIZ" 

bodies appear to have a partiimlaT ^' 

wdooT, Booording as they are enabled to reflect or transmit On r^s of 
■rana eolanrs, and to abeoifa or laOectUie reat; whQs white bodies re- 
flect an, and blaok bodies absorb all. Dr. StaA baa lately made soma 
important ohaervation* od the infloenoa ^ colour on the absarption and 
disengagement of odorOTMiniitlfn, He Ibnnd tliat black dotbes absorb 
much imraisiTs odorons matter, and retain it powerfnlb, while light- 
oidonnd (dotbas not on^ absorb it ina triflingde^ee, biLt part witji 
what they absorb i^udly on eipoeora to air. The application id this 
pinnido Is obrionslT very important with rasped to clothing, white- 
washing, the irtmtico of doxidiib efflnvia by bodies of diSerent colonic 
and thetxmseqnent commnnicataon of disesse. 

• The bodiee whiob exhibit this propirty ais called PAogiftoH. — 
1. A mixture of oaloined OTster-shsIls and flowers of snlphnr, oallod 
Cimton't phoip/ionit, prcasnts Hiis phenomenon when exposed to a 
strong heat. The lune pn^rartr is possessed by chWida of oaldimi. 
or HomboTfi plujipluinu: ^ uuydroos nitrate of lime, or Saltb^n'M 
t»o«pfti»iu.'l^tiiediamoiid,byseasalt,&c. The light whiob is evolvEd 
IS mcreaeed by heat, bnt is thereby rendered more ErwMiaBt. Itisce- 
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of chemical action, or of the elevation of temperature, neces- 
sary to incandescence, is termed Phosphorescence, 

eesBasey that these sabsfcances should have been previoualy exposed to 
light; in some cases, exposure to the light of an electric discharge is 
requisite to develope this property. Some substances which are not 
naturally phosphorescent, or which have lost their phosphorescence by 
heat, acquire it again when subjected to the electric spa&. Other sub- 
stances are found to evolve light when underp;oing a change of form, as 
occurs in certain salts and other bodies during Uie process of crystal- 
ligation. Examples of this kind occur in a tepid solution of sulphate of 
potaaaa in the act of crystallizing, and in the sublimation of benzoio 
aoid. The sudden contraction of porous substances is attended by a 
similar effect. — 2, Another kind of phosphorescence is observed in 
some bodies when strongly heated. A piece of lime, subjected to a 
temperature which would render other bodies only red, emits a white 
light of HaTizling intensity. — 3. A third kind of phosphorescence occurs 
in ihe bodies of some animals, either in the dead or living state. The 
body of the herring emits light a day or two after death, and previjously 
to the commencement of putrefeMstion; the luminous appearance of the 
sea has been ascribed to the solution of this luminous matter by its 
-waters. This phenomenon has also been referred to the presence of 
certain animalcules. The glow-worm of this country, and the fire-fly 
of the West Indies, are naturally phosphorescent. Many species of 
medusa exhibit a strong light; on pouring water containing these ani- 
mils out of ft bucket, it has appeared Uke a stream of fire, or fused gold. 
Spallanzani discovered a species of medusa in the Strait of Messina, 
wiiichy he says, blazes like a torch, and is visible thirty-five jGset beneath 
the somce of the water. 



EXPERIMENTS. 



NoTHiKa tends to imprint chemical £a.cts npon the mind so 
much as the exhibition of interesting experiments. With this 
view the following selection has been made^ in which such ex- 
periments as mny be performed with ease and safety have nni- 
formly been preferred. The original design of the author 
was to have explained the cause of each result to the student; 
and, indeed, most of the experiments were written with that 
intention ; and the rationale of each was actually drawn up to 
accompany them. But having since thought that this method 
might perhaps tend to check that spirit of inquiiy which ought 
to be encouraged in youth, he has determined merely to give 
the mode of conducting each experiment, and leaves it to the 
pupil himself to discover the cause of every effect, earnestly 
advising him not to perform a second experiment till he has 
fully satisfied himself respecting the operation of the former \ 
this he may do by referring to the proper places in the cate< 
chism^ or the notes which are annexed. 



1. Take a small phial, about hatf-fdU of cold water ; grasp it gently 
in the left hand, and from another phial pour a little sulphuric add 
veiy gradually into the water. A strong sensation of hbat will 
inmiediately be perceived. This, by the continued addition of the 
itcid, may be increased to many degrees beyond that of boiling water. 

2. Take a small phial la one hand, containing some pulverized 
muriate of ammonia ; pour a little water upon it, and shake the mix* 
ture. In this instance a sensation ov gold will immediately be felt. 

8. Into a tea-cup, placed upon a hearth, and containing about a 
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table-spoonfulof oil of turpentine, pour aboat half the quantity of 
strong nitric add, previously mixed with a few drops of sulphuiic 
acid. The moment the adds come in contact with the turpentine, 
TLAME will be produced. In performing this experiment it is advis- 
able to mix the adds in a phial, to tie the phial to the end of a stick, 
and, at arm's length, to pour its contents into the oil, as the sudden 
combustion sometimes occasions a part of the liquids to be thrown 
oat of the vessel. 

4. Put about an ounce of marble grossly pulverized into an eight* 
ounce phial, with about an equal quantity of water. Pour upon it a 
little muriatic add, and oabbonio aoid gab will be evolved. 

5. Put about an ounce of iron filings into a phial, with about three 
or four ounces of water; pour a little sulphuric add upon tho con- 
tents, and HTDBOQJBN GAS will be evolved. 

6. Pour water into a smaJl glass retort^ so as to occupy about one 
third of its capadty, lute its beak into the end of a gun barrel, the 
nuddle of which must be kept red-hot in a fomace, or by a chafing- 
dish ; then if a lamp be applied to the retort so as to cause the water 
to boil, the steam will pass through the red-hot Iron tube, and in this 
case also will be decomposed ; for, as the oxygen combines with the 
iron, the hydrogen gas will be liberated, and may be coUeeted in the 
usual way. 

7. Put some Bulphuret of iron into a phial, pour a little dilated 
sulphuric add over it, and attach a bladder, prepared as directed for 
experiment No. 4, to the phial. Sulphuretted hydrogen, a gas ex- 
tremely fetid and disagreeable, will immediately be evolved ; though 
the ingredients here employed were destitute of smell. 

8. Put an ounoe or two of the black oxide of manganese into a 
small glass retort, pour a little concentrated sulphuric add upon it, 
and apply the heat of a lamp. Oxygen gas will be disengaged in 
abundance. 

9. Into a small glass retort put a mixture of two parts of quicklime, 
and one of muriate of ammonia, both in powder. Apply the heat of 
a lamp, and ammoniacal gas will come over. 

10. Pour a little sulphuric add upon a Small quantity of quick- 
silver in a glass retort, apply heat and sulphurous add gas may be 
collected. 

11. Take a few shreds of filings of copper, and pour over them a 
litUe dilated nitrous acid, in the proportion of about three parts of 
water to one of acid. The gas evolved in this case is nitric oxide gas. 

12. Upon an ounce or two of nitrate of potass, in a glass retort, pour 
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fome flulphuiic ftcid| fi^ve it boat by meai» of a lamp, and ooUect 
oitrio add. 

13. Treat muriate of soda in the same maimer with sulphuric aoid^ 
and muriatio acid in the gaseous fbzm will rise firom the retort. 

14. Convey some muiia^o add gas into a glass jar containing a 
portion of the gas produced in experiment 9. From the mixture of 
these two invisible gases a solid substance will be produced^ vis. , the 
common sal ammoniac ; this may be peroeived to deposit itself upon 
the sides of the vessel in a neat crystallized form. 

15. Convey some carbonic acid gas into a glass jar containing a 
portion of ammoniacal gas, The ixustant the two gases come into 
contact a great absorption will take place, and solid carbonate of am* 
monia will be formed on the inner suzfiMe of the jar. 

16. If common Glauber's salt be dried and reduced to powder, 
and then dissolved in three times its weight of boiling water, it will 
not only be found to crystaUiae again on cooling, but the crystals will 
assume the identical forms whioh they exhibited before they were pul- 
verized. This experiment is designed to show that a deteiininate 
figure has been stamped upon every individual salt. 

17. Dissolve } of an ounce of Glauber's salt in two ounces of boil- 
ing water, pour it while hot into a phiaL In this state it will not 
crystallize even when perfectly cold; but if the fluid be agitated by 
abakiTig the vessel, or dropping into it any solid substance, the crystal- 
lization will be seen to conuuenoe and proceed with rapidity. 

18. Bepeat the experiment with a small thermometer immersed in 
the solution. If the solution be su£Eered to cool completely under 
these droumsianoes, the thermometer will be seen to rise on agitating 
the solution. This experiment is designed to show that saline solu- 
tions give out caloric in the act of crystallization. 

19. Put about half an ounce of quicksilver into a wine-glass, and 
pour about an ounce of diluted nitrous acid upon it. The nitrous 
add will be decomposed by the metal with astonishing rapidity; the 
colour of thfi add wiU be quickly changed to a beautiful green, while 
its surface exhibits a dark crimson ; and an effervescence indescribably 
vivid and pleasing wiU go on during the whole time the acid operates 
upon the quicksilver. When a part only of the metal is dissolved, a 
change of colour will again take place, and the add by degrees will be- 
come paler, till it is as pellucid as pure water. This is one instance of a 
metallic solution by means ot an acid, in which the opacity of a me- 
tallic body is completely overcome, and the whole rendered perfectly 
transparent. 
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20. Tftke the metallic solution formed in the last experiment^ add 
a little more qtdcksilyer to saturate the acid ; then place it at aome 
distance, over the flame of a lamp, so as gently to evaporate a part of 
the water. The new farmed salt will soon be seen to begin to ahoot 
into needle-shaped oystals, crossing each other in evety possible di- 
rection affording an instance of the formation of a metallic salt. 

21. Toxsr a drachm by weight of strong nitric acid into a wine-glassy 
add two drachms of distilled water, and, when mixed, throw a &W very 
small pieces of granulated tin into it. A violent effervescence will 
take place, the lighter particles of the tin will be thrown to the top 
of the acid, and be seen to play up and down in the liquor for a oon* 
siderable time until the whole is dissolved. This is another exam.p]e 
of a transparent liquid holding a metal in solution. 

22. Dissolve one ounce of quicksilver without heat in f of an ounce 
of strong nitric acid, previously dihited with one ounce and a half of 
water. Dissolve also the same weight of quicksilver, by means of 
heat, in the same quantiiy of a similar acid, and then to each of these 
colouriess solutions, add a colourless solution of potash. In the one 
case tiie metal will be precipitated in a black, in the other in a yelloiw 
powder, affording an example of the difference of colour of rnflt^lliff 
oxides, arisuig from different degrees of oxidation. 

23. Take an ounce of a solution of potash, pour upon it half an 
ounce of sulphuric add ; lay the mixture aside, and when cold, crys- 
tals of sulphate of potash will be formed in the liquor. Here a ndU 
salt has been formed from a mixture of two corrosive substances. 

24. Take carbonate of aiUmonia (the oonunon volatile smelling salt), 
and pour upon it muriatic add so long as any eflBBrvesoenoe continuee. 
The produce will be a solid salt, perfectiy inodorous, and of littie taste. 

25. Take caustic soda one ounce, pour over it one ounce of muriatie 
add, both of these corrosive .substances. The produce will be our 
common table salt. 

26. Mix in a wine-glass equal quantities of a saturated solution of 
muriate of lime, and a saturated solution of carbonate of potash, both 
transparent fluids ; stir the mixture, and a solid mass will be the pro- 
duct. 

27. Take the substance produced in the foregoing experiment, and 
pour a very little nitric acid upon it. The consequence will be, the 
solid matter will again be taken up, and the whole exhibit the appear- 
ance of one homogeneous fluid. An instance of a solid opaque masB 
being converted by a chemical agent to a transparent liquid. 

28. Take a transparent'saturated solution of sulphate of magnefda 
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(Epsom salt), and pour into it a like solution of caustic potash, or 
Boda. The mixture will immediately become almost solid. This in- 
ataooe of the sudden conversion of two fluids to a solid, and that re- 
lated in number 26, have been called chemical miracles* 

29. Take a portion of dried sulphate of iron and an equal quantity , 
of nitrate of potash, grind them toge^er in a mortar, and put the 
whole into a small glass retort. Adapt a receiver to the retort with 
ene or two bottles, according to the plan of Woulfe's apparatus, and 
apply the heat of an Aigand lamp. After some time a gas wiU be 
diflengaged, which will be condensed by the cold receivers forming the 
strong nitric add. We have here a corrosive fluid produced from the 
mixture of two mild and solid substances. 

SO. Pour a little pure water into a small glass tumbler, and pat one or 
two small pieces of phosphuret of lime into it. In a short time flashes 
of Are will dart from the sur&ce of the water, and terminate in ring- 
lets of smoke, which will ascend in regular succession. 

31 . Put thirty grains of phosphorus into a Florence flask with three 
or four ounces of water. Place the vessel over a lamp, and give it a 
boiling heat. Balls of fire will soon be seen to issue from the water, 
after the manner of an artificial firework, attended with the most 
beautiful coruscations. An experiment to show the extreme inflama- 
bility of phosphorus. 

82. Into an eight-ounce retort pour four ounces of pure water, add 
a little solution of pure potash, and give it a boiling heat with a lamp. 
When it boils drop a small piece of phosphorus into it, and immerse 
the beak of the retort in a vessel of water. Bubbles of phosphuretted 
hydrogen gas will issue from the retort^ rise through the water, and 
take fire the moment they come in contact with atmospheric air, 
somewhat similar to the appearance mentioned in experiment No. 80. 

83. Fix a small piece of sdid phosphorus in a quill, and write with 
it upon paper. If the paper be now carried into adark room, the 
writing win be beautifully luminous. 

84. Pour a little phosphuretted ether upon a lump of sugar, and 
drop it into a glass of water, a little warm. The surface of the water 
will soon become luminous ; and if it be moved by blowing gently with 
the mouth, beautiful and brilliant undulations of its sur£EM>e will be pro- 
duced, exhibiting the appearance of a liquid combustion. 

S5. If any part of the body be rubbed with phosphorus dissolved 
in oil, or phosphuretted ether, that part, in a dark room, will appear 
as if it were on fire, without producing any dangerous efifeot» or sensa- 
tion of heat. 
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86. Take about six gralnfl of cblorate of poiafth, and three gnins of 
Bolplnir; rob them together in a martaa^, and a smart detonaituigiKnBe 
ivill be produced. ContrnTieto mb the mixture hazd, and tha repoarto 
win be frequently repeated, aooQmpanied -with Tivid flashes of Ug^t. 
If the same mixture be wrapped in paper, laid on an anvil, and 
smartly struck with a hammer, the report will be as loud as what is 
usually produced bya pistoL 

87. Take ten grains of chlorate of potash, and one grain of phos* 
phorus. Treskt this mixture as in tiie last experiment, and Teiy 
yiolent detonations will be produced. It is advisable never to exceed 
the quantity of phosphorus that is prescribed here, and in other 
sunilar experiments. — ^N. B. This and the preceding experimeot 
should be made with the greatest caution, as particles of the inflamed 
phosphorus are frequently thrown about by the explosion. 

88. Take a similar quantity of chlorate of potash, with three or four 
grains of sulphur, and mix ilie ingredients very well on paper. If a 
little of this mixtore be taken up on the point of a knife and dropped 
into a wine-glass containing some sulphuiic add, a beoutifid column 
of flame will be perceived the moment the powder comes in oontaot 
with the add. 

89. Put a little dilorate of potash and a bit of phosphams into am 
ale-glass, pour some cold water upon them cautiously, so as not to 
displace the salt. Now take a small glass tube, and phmge it into 
some sulphuric add : then place the thumb upon tihe Mppm orifice^ 
and in this state withdraw the tube;, which must be instantly immeised 
in the glass, so that, on removing the thumb, the add may be im* 
mediately conveyed upon the ingredients. This experiment is an 
example of a very singular phenomenon, combustion under water. 

40. Proceed in all respects as in the last experiment, and add a 
morsel of phosphuret of lime. Here, besides the forma* appearance, 
we shall have combustion also on the sui&ce of the water. 

41. Prepare a mixture of equal parts of lump sugar and chlorate of 
potash ; put a small quantity of this mixture upon a plate or a tile ; 
then dip a piece of sewing-thread into a phial of sulphuric ac5d, so as 
to convey the smallest quantity of the acid; with this toudi the 
powder, and an immediate burst of flame will be the consequenoe. 

42. Mix, without much motion, ten grains of chlorate of potash 
with one grain of phosphorus, and drop the mixture into concentrated 
Bulphurio add. This is an instance of detonation and flame beingf 
produced by the mixture of a powder with a odd liquid, . 

43. Pour boiling water upon a little red cabbage sliced, and when 
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odld decant the olear mfbsion. Divide the inlbsioii into three -wine- 
glaasee. To one add a eolation of ahun, to the eeoond a little eolation 
of potash, and to the third a few drops of moziatio add. The Uqnor 
in the first £^ass will assume a porple, the seoond a bright green, and 
the third a beautiful crimson. Here is an instance of three different 
colours from the same vegetable infusion, merely by the addition of 
three colourless fluids. 

44. Prepare a littie tincture of litmus. Its coloor will be a bright 
blue with a tinge of purple. Put a little of it in a phial, and add a 
lew drops of diluted muriatio acid; its colour will change to a vivid 
red. Add a little solution of potash ; the red will now disappear, and 
the blue will be restored. By these means the liqaor may be changed 
alternately from a red to a blue, and from a blue to a red, at pleasure. 
An instance of the effects of acids and alkalies in changing vegetable 
oolouxs. 

45. Make an infusion of red roaes, violets, or mallow flowers ; treat 
it with solution of potash, and it will become green; the addition of 
diluted muriatic add will convert it immediately to a red. This ex- 
periment may be frequently varied as the last, and f umiahes an ex* 
oellent test for adds and alkalies. 

46. Add a drop or two of solution of potash to tinctare of turmeric. 
This will change its original bright yellow colour to a dark brown ; a 
little colourless diluted add wiU restore it. By this tincture we can 
detect the most minate portion of any alkali in solution. 

47. Into a wine-glass Of water put a few drops of prussiate of pot- 
ash ; and a little dilute solution of sulphate of iron into another glass : 
by pouring these two colourless fluids together, a bright deep blue 
odour will be immediately produced, which is the true prussian blue. 

48. Put some prussiate of potash into one glass; into another a 
little nitrate of bismuth. On mixing these colourless fluids, a yellow 
will be the product. 

49. Pour a little prussiate of potash into a glass containing a 
oolourless solution of sulphate of copper, and a reddiah brown will be 
produced, being a true prussiate of copper. 

50. Prepare a phial with pure water and a little tincture of galls ; 
and another wiCh a weak solution of sulphate of iron ; then mix these 
transparent colourless fluids together, and they will instantly become 
bbck. 

51. Pour a little tincture of litmus into a wine glass, and into an- 
other some dilated sulphate of Indigo ; pour these two blue fluids to- 
gether, and the mixture will become perfectly red. 
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52. Drop as mnch nitrate of copper into water as will form a ookiir* 
less solution , then add a little ammoniai, equally colourless, and' an 
intense blue colour will arise from the mixture. 

63. Take water holding carbonate of iron in solution, and add 
some diluted prussiate of potass : prossian blue will be formed by the 
mixture. 

54. Take some of the same water as that used in the last experi- 
ment ; boU it, and now add prussiate of potash. In this case no 
colour will be produced. 

65, Take some water impregnated with carbonic acid, and add to it 
a little blue tincture of litmus. The whole will be changed to a red. 

56. Take some of the same carbonated water, and boH it. Then 
add a little tinctmre of litmus, and the blue colour wiU experience no 
change. 

57. Take some of the black liquid described in experiment 50, add 
by d^;rees muriatic add to it, and the colour wiU be dischatged. Now 

. drop in a little solution of potash, and the black colour will be restored. 
Some nicety is requisite in adding the add and alkali ; for if they be 
given in excess the effects will not be so apparent. 

58. Take the blue solution formed by experiment Ko. 52, add a 
little sulphuric acid, and the colour will disappear ; pour in a little 
solution of caustic ammonia, and the blue colour will be restored. 
Thus may the liquor be alternately changed at pleasure. 

59. Spread a piece of tinfoil, such as is used for coating electrical 
jars, upon a piece of thick paper ; pour a small quantity of strong 
solution of nitrate of copper upon it. Fold it up quickly, and wrap 
it round carefully with the paper, more effectually to exclude the 
atmospheric air. Place it then upon a tile, and in a short time com- 
bustion wiU commence, and the tin will ioflame. 

60. Take three parts of nitre, two of potash, and one of sulphur ; 
all of these should be thoroughly dry ; then mix them by rubbing 
them together in a warm mortar : the resulting compound is called 
fulminating powder. If a little of this powder be placed upon a fire- 
shovel over a hot fire, it gradually blackens, and at last melts. At 
that instant it explodes with a violent report. — ^Note. This mixture is 
not dangerous, like the metallic fulminating powders ; none of which 
should be intrusted in the hands of young people. 

61. Whenever imcombined muriatic, or any volatile acid, is sus- 
pected to be present in any chemical mixture, it may be detected by 
ammonia. A single drop of ammonia on a feather, or small slip <^ 
paper, held over the mixture, will immediately rander the vapourvisible. 
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62. Ammonia in solution maj in like manner be detected by a 
single drop of mtniatic^ or acetic acid, 'which will produce very 
evident white fumes. This is merely the reverse of the former ex- 
periment. 

63. Procure a bladder furnished with a stop-cock, fill it with hydro- 
gen gas, and then adapt a tobacco-pipe to it. By dipping the bowl 
of the pipe into a lather of soap, and pressing the bladder, soap- 
bubbles will be formed, fiUed with hydrogen gas. These bubl)les will 
zise into the atmosphere, as they are formed, and convey a good idea 
of the principle upon which air-balloons are inflated. 

64. Procure a bladder similar to that described in the last experi- 
ment, and charge it with a mixture of oxygen and hydrogen gases. 
With this apparatus blow up soap-bubbles as before, and touch them 
with a lighted match. The bubbles as they rise will explode with a 
smart noise. 

65. Fill a bladder, similar to that directed for experiment No. 4, 
with hydrogen gas ; apply a lighted match to the end of the tobacco- 
pipe, and press the bladder gently. A pencil of flame, extremely 
beautiful, will be seen issuing from the pipe, till the whole of the 
hydrogen gas is consumed. 

66. Place some amaU phials on the shelf of the pneumatic tub, 
filled with water, and inverted as usual for receiving gases. Now fill 
these with mixed oxygen and hydrogen gases from the bladder as 
described in experiment 64. A lighted match will cause any one of 
them to explode with violence. When the phials are used, it will be 
prudent to fold them round with a handkerchief, to prevent any 
injury being received from the glass, in case of bursting ; but if small 
bladders be employed in place of the phials, this precaution will be 
unnecessary. 

67. Pour a little lime-water into a wine-glass, and put some solution 
of oxalate of ammonia, equally transparent, into another glass. If 
the two clear liquors be poured together, a white precipitate of oxalate 
of lime will immediately become visible. 

68. Pour a little lime-water into a phial, and throw some carbonic 
acid into it. The carbonic acid will unite with the lime, and precipi- 
tate it in the state of carbonate of lime. 

69. Take the phial made use of in the last experiment, with its con- 
tents, and convey an additional portion of carbonic acid into it. The 
carbonate of lime will now be re-dissolved, and the liquor rendered 
transparent. _ 

70. Ta^e the transparent liquid produced in the last experiment, 

L 
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and give it heat. The eaith wi9 now be precipitated in the state of 
carbonate of lime, aa before. 

71. Pour some lime-water into a wine-glass, and a little solution 
of carbonate of potash into another glass. When these two transparent 
fluids are thrown together, an abundant precipitate of carbonate of 
lime will be the consequence. 

72. Fh)ceed as in the last experiment, but instead of carbonate of 
potadi, pour a solution of Epsom salt into one of the glasses. "Wbrn 
these trani^arent fluids are poured together, a mixed precipita^ at 
carbonate of magnesia and sulphate of lime will be produced. 

73. For another experiment take in the same manner, separately, 
lime-water, and a solution of alum. The union of tiiese solutions 
will produce a mixed precipitate of alumina and sulphate of lime. 

74. If a strong solution of caustic potash, and a saturated sojuidoii 
of Epsom salt, be mixed, the union of these transparent fluids will 
pioduce also an abundant precipitate. But this will consist of 
magnesia and sulphate of potash, 

75. To ft glass, of water, suspected to contain carbonio add, add 
a small quantity of any of the other adds. If oarbonic add be pre- 
sent, it wiU become visible by a sparkling appeaqpjwe on the ndes of 
the glass and sur£we of the fluid. 

76. Prepare two glasses of pure water, apd into one of them diop 
a sing^ drop of sulphuric acid, and mix it with the water. Pour a 
little muriate of hvpyUh into the other glass, and no change will be 
perceived ; pour some of the same solution into the first glass, ooo.- 
taining the sulphuric add, and a white predpitate of sulphatA of 
baryta will be produced. 

77. Prepare two glasses of water as before, conduct the experimffit 
in the same way as the last, but instead of muriate of baiyta> use 
nitrate of lead. In this case sd^hate of lead will be predpitated. 

78. Prepare two glasses of rain water, and into one of them drop 
a single drop of sulphuric add. Pour a littie nitrate of silver into tbe 
other glass, and no change will be perceptible. Pour some of the 
same solution into the first glass, and a white predpitate <^ sulphate 
of diver will appear. 

79. Prepare two glasses as in the last experiment, and into one of 
them put a drop or two of muriatic acid. Broceed as befiore, and a 
predpitate of ddoride of silver will be produced. 

80. Take two glasses, as in experiment 78, and into one of them 
put a drop of sulphuric add and a drop or two of muriatic add : 
proceed as before, with the nitrate of diver, an4 a mixed precipitate 
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will b9 produced, consistbg of obloride of silver and (ralphate of 
silver. 

81. T«ke the glass pontalniiig ^e znized precipitate of the last eoc- 
p^riment, and giye it, by xoeaos of a lamp, the heat of boiling vater. 
The sulphate of silyer, if there be a sufficiency of water, viU now be 
re-disBolYed, and the chloride of silver will remain separate at the 
bottom of the vesseL This experiment exhibits a method of sep^jat- 
ing these metaUio salts wherever they occur in a state of mixture. 

82. Mix one ounce of litharge of lead with one dram of pulverj^ 
muriate pf ammonia, and submit the mixjiure to a red heat in a dean 
tobaocQ-pipe, The increase of temperature will separate the ammonia 
m the form of gas, ^4 the muriatic aic44 will combine with the lead. 
Whef^ the pompoimd is well melted, pour it into a metallic cup, and 
you will have a true muriate pi lead of a bright yellow colour, the 
brilliancr^ of which may be much heightened hj grinding it as usual 
with oil. In this state it forms the colour called patent yellow. 

jB3. Take one ounce of red-lead, and half a dram of charcoal m 
|Kyw4er, incorporate them well in i^ mortar, and then fill the bowl of 
% tobacco-pipe with the mixture. Submit it to an intense he^t in a 
pozr^cm ^, and, wl^^ melted, pour It out iipqn a ^lab. The result 
will be metallic lead. 

84. Take a little red-lead, expose it to an intense heat in a crucible, 
i|Ad pour it out when melted. The result will be metallic glass, and 
will furnish l^l sample of the vitrifie9iti(m of metals. 

85. Pour a little solution of indigo in sulphuric acid into a glass 
of wafier, and add »l>out an equal quantity of solution of carbonate of 
potash. If a piece of white cloth be dipped in this mixture, it will 
come ouji blue. If a piece pf yellow doth be dipped in it, it will be- 
oome a green, or a red will be converted to a purple. A slip of ]i>lue 
litmus paper imm^iied in it wUl immediately become red. 

80. fS a little fustic, quercitron bark, or other dye, be boiled in 
water, the colouriiig matMr will be extracted, and a coloured solution 
formed. On adding a smj^ quantily of dissolved alum to this deooO' 
tion^ the alumina, pr base of the salti will atiract the colouring matter^ 
forming an insoluble compound, which in a short time will subside, 
and may easily be separated, 

87. Boil a little cochineal in water with a grain or two of cream 
of tarlpur (bitartiate of potash), and a dull kind of crimson solution 
will be formed. By the addition of a few drops of nitro-muriate of 
tin, the polouring matter wiU be precipitated of a beautiful scarlet. 
This, and some of the fonner instances, wiU give the student a 
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iolerabty oorreot idea of the general pioceBS of dyeing woollen 
cloths. 

88. If a few strips of dyed linen cloth, of different ooloors, be dipped 
into a phial of chlorine, the colours will be quickly discharged ; for 
there are few colours that can resist the energetic effect of this acid. 
This experiment may be considered as a complete example of the 
process of bleaching coloured goods. 

89. Having found a piece of blue linen cloth, that will bleach in 
chlorine, dip the tip of the finger in a solution of muriate of tin, and 
press it while wet with the solution upon a strip of this doth. After 
an interval of a few minutes, immerse the cloth in the phial of liquid 
chlorine, and when it has remained in it the usual tune, it will be 
found that the spot which was previously wet with muriate of tin has 
preserved its original colour, while the rest of the doth has become 
white. 

90. Dip a piece of white calico in a strong solution of acetate of 
iron; dry it by the fire, and lay it aside for three or four days. 
After this, wash it well in hot water, and then dye it blad^ by boiling 
it for ten minutes in a strong decoction of Brazil-wood. If the doth 
be now dried, any figures printed upon it with a colourless solution of 
muriate of tin will appear of a beautiftd scarlet, although the ground 
will remain a permanent black. 

91. Dissolve 4 drachms of sulphate of iron in one pint of cold 
water, then add about 6 drachms of lime in powder, and 2 drachms 
of finely pulverized indigo, sturing the mixture occasionally for 12 
or 14 hours. If a piece of white calico be immersed in this solution 
for a few minutes, it will be dyed green ; and by exposure to the 
atmosphere only for a few seconds, this will be converted to a per- 
manent blue. 

92. If a piece of calico be immersed in a solution of sulphate of 
iron, and, when dry, washed in a weak solution of carbonate of potash, 
a permanent colour will be produced, viz., the buff of the calico-printers. 

98. Boil equal parts of amotto and common potash in water till 
the whole are dissolved. This will procluce the pale reddish buff so 
much in use, and sold under the name of nankeen dye. 

9d. If muriate of tin, newly made, be added to a solution of indigo 
in sulphuric add, the oxygen of the indigo will be absorbed, and the 
solution instantly converted to a green. It is on the same principle 
that muriate of tin is employed in cleansing discoloured leather 
furniture ; as it absorbs the oxygen, and the leather is restored to ita 
natiual colour. 
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95. Take a piece of veiy dark olive-colotired Hnen that bas been 
dyed with fustic, quercitron bark, or weld, and spot it in sevefal 
places with a colourless solution of muriate of tin. Wherever the 
doth has been touched with this solution, the original colour will be 
dischaiiged, and spots of a bright yellow will appear in its stead. 

96. Dip a piece of white calico in a cold solution of sulphate of 
iron, and suffer it to become entirely dry. Then imprint any figures 
upon it with a strong solution of colourless citric acid, and allow this 
also to diy. If a piece be then well washed in pure warm water, and 
afterwards boiled in a decoction of logwood, the ground will be dyed 
either of a slate or black colour, according to the strength of the 
metallio solution, while the printed figures will remain beautifully 
white. This eiqperiment is designed to show the effect of adds in 
dischaiging vegetable colours. 

97. If lemon juice be dropped upon any kind of buff colour, the 
dye will be instantly dischaiged. The application of this acid by 
means of the block, is another method by which calico-printers give 
the white spots or figures to piece-goods. The crystallized add in a 
state of solution is generally used for this purpose. These few experi- 
ments will give the student some idea of the nature of calico-printing. 

98. Take a slip of blue litmus paper, dip it into acetic acid, and it 
will immediately become red. This is a test so delicate, that, accord- 
ing to Beigman, it will detect the presence of sulphuric acid, even if 
the water contain only one part of add to thirty-five thousand parts 
of water. Litmus paper which has been thus changed by immersion 
in adds, is, when dried, a good test for the alkalies ; for, if it be dipped 
in a fluid containing the smallest portion of alkali, the red will disap- 
pear, and the paper be restored to its original blue colour. 

99. Take a slip of txumeric i^aper, and dip it into any alkaline solu- 
tion ; this wiU change the yellow to a deep brown. In many cases 
turmeric is preferable to Utmus paper for detecting alkali in solution, 
as it suffers no change fix)m carbonate of lime, which is often found 
in mineral waters. This paper will detect the presence of soda, 
though it should amount to no more than 7f ^^^th part of the water. 
The paper thus changed by an alkali would, if dried, be still useful 
as a test for adds, as these restore its original yellow. 

100. Write upon paper with a diluted solution of muriate of copper ; 
when dry it will not be visible, but on being warmed before the fire 
the writing will become of a beautiful yellow. 

101. Write with a solution of muriate of cobalt, and the writing, 
while dry, will not be perceptible ; but if held towards the fire, it will 
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tiien gtnjd^OBSLy become tfsible; and if the muriftte of oobaM be 
fluide in th<^ tmial way^ the letters irill ttpp€&t of an elegsnlr gretti 
oolota^^ 

lOa^ Write with aeetate of oobult, Of iMith a mmiAUt of eobaK;^ |tt^ 
Tionsly pnHfied item the iron which it generally ciontakis* WhMi tile 
Writing is beeot&e dry, these letters will also be inTifiible. Vtkrm the 
papet a little, and the writing will be restored to a beatildfttl bine. 

108. Draw a landscape with Indian ink, und paint the foliage of 
the ve^^blee with mnriate of cobalt, the same as that used in experi- 
ment Ko. 102, and some of the dowers with aoetate of cobalt, add 
others with mnHate of copper. While this pictiire is cold it wiH ap< 
pear to be merely an outline of a landscape, or winter scene | but when 
gently farmed, l^e trees and flowers will be displayed in their natnhd 
colours, which they will preserve only while they ootttintie wamu 
This may be often repeated; 

104. Write with dflute nitrate of silrer, which when dry wiH be 
entirely invisible ; hold the paper orer a iressel containing sidphate of 
ammonia, and the writing will appear very disthict. The letters will 
shine With the metallic brilliancy of silver. 

100. Write with a solution of nitrate or acetate of lead. When 
the writing is dry it will be inirisible. Then having prepared a glass 
decanter with a little snlphttret of iron strewed ore^ the bottom of it, 
potir a little very dilute sulphuric add upon the sulphuret^ so as not 
to W6t the mouth of the decanter, and suspend the writings by means 
of the glaes stopper, within the decanter. The writing on the paper 
win become Visible by degrees, as the gas rises fi^m the bottom of 
the yessel. 

106. Write with a weaJc solution of sulphate of iron ; let it dty, and 
it will be invisible. By dipping a feather in tincture of galls and 
drawing the wet feather over the letters^ the Writing will be restored 
and appear black. 

107. Write with a similar solution, and wheii dry, wash the letters 
ih the same way with prussiate of potash, and they will be restored 
of a beautiful blue. 

108. Write with a solution of sulphate of copper, wash as before 
with prussiate of potash^ and the writing will be revived of a reddish 
brown colour. 

109. Procure a glass jar, such as is generally used for deflagradng 
the gases, and fill it with chlorine gas. If nickel, arsenic, or bismnth 
in powder be thrown into this gas, and the temperature of the atmo- 
sphere be not lower than 70°, the metal' will inflame, and continue to 

'im with the most brilliant combustion. 
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110. Into a iMge glasB jar^ inverted on a flat borick tils, and oon- 
taimng near its top a fanmcii of fresh rosemary^ or an^ other sndh 
fihrub, moistened with water, introduce a flat thick piece of heated 
iron/ on which place some gum bensoili in gross i>owder. The benarac 
add, in consequence of the heaty wiH be separated, and ascend hi 
white fiunes, which will at length condense^ and fonft a most beantifid 
appearance npon the leaves of the vegetable. This wiU serve Ibf an 
example of snblimation. 

111. Introduce a little carbonate of ammonia into a JElorsnoe fladt, 
and place tiiat part of the fladc which contains the salt on the sotfiioe 
of a bann of boiling water : the heat will soon cause the carbonate of 
ammonia to rise nndeoomposed, and attach itself to the upper part of 
the vessel, afibrdrng another example of simple sublimation. 

112. Fill a ghtts tumbler half fall of lime-water; then breath* into 
it frequently; at the same time stuning it with a piece of fi^ass. The 
fluid, which before Was perfectly transparent, wiU presently become 
quite white, and, if suflered to remam at rest^ xeol ofaalk (earbonate 
of lime) will be deposited. 

118. Mix a little acetate of lead with an equal portion of sul^iate 
of zmc; both in fine powder; dtir them ioge^er with a piece of glass 
or wood, and no chemical change will be perceptible ; but if they be 
mbbed together in a mortar, the two solids w^ operate iqion each 
other J an intimate union will take place, and afiuid wiU be ptoduoed. 
If alum or Glauber salt be used instead of sulphate of irnCf the ex.- 
periment will be equally successfoL 

114. If the leaves of a plant, fl*esh gathered, be pkoed in the mm, 
very pure oxygen gas may be collected. 

115. If the student be in possession of an air pump, the following 
experiment may be easily performed: — ^Let him fi2 a small tin cup of 
ether within a large watch-glass contaiiiing a little water, and place 
both under the receiver of the ai^pump. The exhaustiofl of the re- 
ceiver will cause one of the fluids to hd&, and the other to £ree2e at 
the same instant. 

116. If a few pounds of a mixture of iron filings and sulphur be 
made into a paste with water, and buried in the ground for a few 
hours, the water will be decomposed with so much rapidily, that com- 
bustion and flame will be the consequence. 

117. Put a little alcohol in a tea-cup, set it on fire, and invert a 
karge bell ghiss over it. In a short time an aqueous vapour will be 
seen to condense upon the inside of the bell, which, by means of a dry 
Bponge, may be collected, and its quantity ascertained. This may be 
adduced as an example of the formation of water by combustion. 
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118.' Pour a little water into a phial containing about an ounce of 
olive oil. Shake the phial, and if the contents be observed we shall 
find that no union has taken place. But if some solution of caustic 
potash be added, and the phial be then shaken, an intimate combina- 
tion of the materials wiU be formed by the disposing affinity of the 
alkali, and a perfect soap produced. 

119. Put a little common sulphur into an iron dish, place it under 
a jar of oxygen gas, and set fire to it, and sulphuric add will be formed. 
This is 1^ example of the formation of an acid by combustion. 

120. Take the acid formed in the last experiment, concentrate it 
by boiling, mix it with a little powdered charcoal, and submit the 
mixture in a Florence flask to the heat of an Argand's lamp. By this 
process sulphur Will be regenerated, and will sublime into the neck of 
the flask. An example of the decomposition of an acid. 

121. Drop upon a clean plate of copper a small quantity of solu- 
tion of nitrate of silver ; in a short tune a metallic vegetation will be 
perceptible, branching out in very elegant and pleasing forms, fur- 
nishing an example of precipitation of a metaL 

122. Dissolve an oimce of acetate of lead in about a quart or more 
of water, and filter the solution. If this be put into a glass decanter, 
and a piece of zinc suspended in it by means of a brass wire, a de- 
composition of the salt will immediately commence, the lead will bo 
set at liberty, and will attach itself to the remaining zinc, farming a 
metallic tree. 

123. Place a phial of water, enclosing a thermometer, in a frigorifio 
mixture, and by avoiding agitation, cool it some degrees below the 
freezing point. If it be now agitated, it immediately becomes solid, 
and its temperature instantly rises to Z2^ ; an instance of a change of 
form occasioning an extrication of caloric. 

124. Fill a small glass matrass, or flask, holdiog about half a pint, 
with any kind of coloured water, having previously put in a few tea- 
spoonfuls of ether: then invert the flask in a shallow vessel of water, 
and by degrees pour boiling water upon its bulb. By the sudden ac- 
cession of heat the ether will be changed into vapour ; which will force 
out the coloured water, and fill the whole of the vessel. This experi- 
ment will afford an example of a liquid being converted into an elastic 
vapour by caloric. 

125. For want of a proper glass vessel, a table spoonful of ether 
may be put into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured upon it, the ether will ex- 
pand, and the bladder become inflated. 
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126. Pat a sm&Il piece of phosphorus into a crucible, cover it closely 
with common chalk, so as to fill the crucible. Let another crucible 
be inverted upon it, and both subjected to the fire. When the whole 
has become perfectly red-hot, remove them from the fire, and when 
cold, the carbonic acid of the chalk will have been decomposed, and 
the black charcoal, the basis of the acid, may be easily perceived 
amongst the materials. 

127. Place a lighted wax taper within a narrow glass jar, then take 
a jar or phial of carbonic acid gas, and cautiously pour it into the jar 
containing the taper. This being an invisible gas, the operator will 
appear to invert merely an empty vessel, though the taper wiU be as 
effectually and instantaneously extinguished as if water itself had 
been used. 

128. Make a little charcoal perfectly diy, pulverize it veiy fine, 
and put it into a wann tesrcup. If some strong nitric add be now 
poured upon it, combustion and inflammation will immediately ensue. 

129. If strong nitric acid be poured upon a small quantity of a 
mixture of chlorate of potash and phosphorus, flashes of fire will be 
emitted at intervals for a considerable time. 

180. Put a bit of phosphorus into a small phial, then fill it one-third 
with boiling olive oU, and cork it close. Whenever the stopper is 
taken out in the night, light will be evolved sufficient to show the 
hour upon a watch. 

131. Let sulphuric acid be poured into a saucer upon some acetate 
of potash. Into another saucer put a mixture of about two parts of 
quicklime and one of sal ammoniac, both in powder, adding to these 
a very small quantity of boiling water. Both saucers, while separate, 
will yield invisible gases ; but the moment they are brought dose to- 
gether the operator will be enveloped in veiy visible vapours. Muri- 
ate of soda in this experiment may be substituted for acetate of potash. 

182. Take a glass tube with a bulb in form of a common thermo- 
meter ; fill it with cold water, and suspend it by a string. If the bulb 
be frequently and continually moistened with pure sulphuric ether, 
the water will be presently frozen, even in summer. 

188. Dissolve five drams of muriate of ammonia and five drams of 
nitre, both findy powdered, in two ounces of water. A thermometer 
immersed in the solution will show that the temperature is reduced 
below 22°. If a thermometer tube, filled with water, be now sus- 
pended within it, the water will soon be as effectually frozen as in the 
last experiment. 

134. Procure a phial with a glass stopper accurately ground into 
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H; introduce a few copper fiHngs, ihen enfoefy fill H with Uqmd am- 
monia^ and stop the phial so as to exclude all atmoepherio air. If 
loft in iihis state, no solution of copper wifi be efibcted. But if the 
bottle be afterwards left open for some time^ and then stopped, the 
metal will dissolve, aod tbe solution will be colourless. Iiet Uie 
stopper be now taken out, and the fluid will became blue, beg^ning 
at the surface, and spreading gradually through the whole. If this 
blue solution has not been too long exposed to the air, and fresh copper 
filings be put in, again stopping the bottle, the fluid will once more 
be deprived of its colouiv which it will recover only by the readmission 
of air. These effects may thus be repeatedly produced. 

135. Pour concentrated nitric acid upon pieces of iron^ and very 
little action will be seen ; but if a few drops of water be added, a most 
violent effefvescenoe will immediately commence, and the add will 
be decomposed with rapidity, clouds of red nitrens gas will be evolved 
in abundance, and a perfect solution of the metid effected. 

136. Take atiy solution of iron, a chalybeate water for instaaoe, 
and add a little Succinate of amnionia; a preei|nlate %iU be kmne- 
diately visible, being succinate of iron< By thsri test the quantity 
of iron in any solution may be accurately asoertahiedw 

187. In like manner add sulphurtetted faydrogea to a solution of 
lead, and a deep brown precipitate will be oocasionfld. Tins is an 
effectual mode of detecting this and some other poisonous metab. 

188. Melt sulphur in a small iron ladle^ and carry it into a dark 
room in the state of fusion. If an ounce or two of copper filings be 
now thrown in, light will be evolved* 

189. Dissolve some quicksilver in nitric add, and drop a littie of 
the solution upon a bright piece of copper j If it be then getkilj rubbed 
with a bit of doth, the mercury will predpttiite itself upon the copper, 
which will be completely silvered. This experiment is iUustrative of 
the predpitation of one metal by another. 

140. If a little nitro-muriate of gold be added to a firesh solution 
of muriate of tin^ both being much diluted witii water, the gold will 
be predpitated of a purple colour, forming that beatttifbl pigment 
called powder of cassius. 

141. Take a pldal with solution of sulphate of zincy and another 
contaamng a little liquid ammonia, both transparent fluidil By miz- 
ing them, a curious phenomenon may be percdved ^-~ihe zine wiU be 
immediately predpitated in a white mass, and, if then shaktei, ahnoet 
as instantly redissolved. 

142. If a colourless solution of galls be added to a solution of bis- 
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nmili in lArio acid^ eqnaUy^ ooloarieaB^ • hrowa pred p i t atg trfll be 
ptodoced. This is a distinguishing cbaracteristio of tiiis met&l. 

148. If B oolourlsfls solution of srto&io in nitric ftcid bo potmd 
into a sdotian of copper, a bluish ifteen predpitat^ will be prodnced, 
fanning an anenite of copper siiliilar to an ore foond in the Cornish 
mines. These metals may be thus redprocally detected. 

144i If a spOonfiil of good alcohol and a little boraoic add be stirred 
together in a tea-eup, and then set on flie, they will produce a very 
beamtifbl green flame. 

145. If alcohol be inflamed in like manner with a little pm« 
strontian in powder^ or any of its salts, the miitafe will give a car- 
ittine flalne* 

1404 If barytei betted Instead of 0ttontiati^W0 shall bate a brlHia&t 
yellow flame. 

147* Alloy a piece of silver with a portion of lead^ place the alloy 

iq)on a piece of charcoal, attach a blow-pipe to a gasometer chaiged 

with oi^gen gas| light the charcoal fiztft with a bit of paper, and keep 

i:^ the heat by pressing upon the machine. When the metals get into 

complete fusion, the lead will begin to bum, and yeiy soon will be all 

dissipated in a whitO smoke, leaying the silver in a state of putity. 

^nds experiment is designed to show the fixity of the noble metals. 

148. £Sise a small quantity of nitre in a crucible^ and, when in 
complete fusion, throw pulverised coal into it by small quantities at a 
time. The carbonaceous matter will deooinpose the nitHc acid of the 
nitre, and rapidly deflagration will ensue. 

149. Bum a piece of iron wire in a deflagrating jar of oxygen gad, 
and su£Eer it to bum till it goes out of itself. If a lighted wax taper 
be now let down into the gas^ this will bum in it for some time, and 
then become exting^uished. If ignited sulphur be now introduced, this 
will ako bum for a limited time« Lafltiy^ introduce a morsel ok 
phosphorus, and combustion will also follow in like manner. These 
experiments show the relative combustibility of different substances. 

150. If oxide of cobalt be dissolved iu ammonia, a red solution 
will be produced^ different in colour from that of all other metallio 
oxides. 

151. If nickel be dissolved in nitric acid, a beautiftd green solution 
will be fomied« The oxide of this metal is used to give a delicate 
grass green to porcelain. 

152. When colourless prussiate of potash is added to a solution of 
titanium, this metal will be precipitated also of a green colour. 

158. Add a little colourless solution of galls to a dear solution of 
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antimoxiy in nitro-mumtic acid, and the metal will be precipitated of 
a pale yellow colour. 

154. If a solution of tungstate of potash be poured into a solution 
of the green sulphate of iron, a yellow precipitate will fall down. By 
this experiment the distinguishing characteristic of this metal is ex- 
hibited. 

155. Add a few grains of chlorate of potash to a teaspoonful or 
two of alcohol, drop one or two drops of sulphuric acid upon the 
mixture, and the whole will burst into flame, forming a very beautdfol 
appearance. 

156. A mixture of chlorate of potash and arsenic furnishes a deto- 
nating compound, which takes fire with the utmost rapidity. The salt 
and metal, first separately powdered, may be mixed by the gentlest 
possible triture, or rather by stirring them together on paper with the 
point of a knife. If two long trains be laid on a table, the one of 
ganpowder and the other of this mixture, and they be in contact with 
each other ^t one end, so that they may be fired at once, the arsenical 
mixture bums with the rapidity of lightning, while the other bums 
with comparatively extreme slowness. 

157. Into an ale-glass of water put a few filings ' of zinc, and a 
small bit of phosphorus ; then drop a little sulphuric add upon the 
mixture by means of a glass tube, as described at No. 89, and phos- 
phuretted hydrogen will presently be disengaged, which will inflame 
on rising to the surface of the water. 

158. Take a small piece of phosphuret of lime, a little moistened by 
the air, and let a single drop of concentrated muriatic acid fall upon 
it. In this case phosphuretted hydrogen will also be evolved, a^ccom- 
panied by small balls of fire darting from the mixture, and a very 
fetid smell. 

159. If twenty grains of phosphorus, cut veiy small, and mixed 
with forty grains of finely granulated sdnc, be put into four drachms of 
water, and two drachms of concentrated sulphuric acid be added thereto, 
bubbles of inflamed phosphuretted hydrogen gas will quickly cover 
the whole surface of the fluid in succession, forming a real aqueous 
fountain of fire. 

160. If any light substance capable of conducting heat, be placed 
upon the emSBuce of boiling water, and a bit of phosphorus be laid 
upon it, the heat of the water will be sufficient to set the phosphorus 
on fire. 

161. If hot water be poured into a glass jar of cold water, it will 
remain on the surface ; but if cold water be poured upon hot water. 
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it will sink to the bottom of the vessel. This experiment may be 
rendered more obvious by colouring that portion of the water which 
is poured in. The design of this experiment is to show the diange of 
the specific gravity of the same body, merely by the i^ncy of caloric. 

162. If a solution of the green sulphate of iron be dropped into a 
nitro-muriate of gold, the last metal will be immediately precipitated. 
In this state it is often employed in gilding china. 

163. If flowers, or any other figures, be drawn upon a ribbon or 
silk with a solution of nitrate of silver, and the silk, moistened with 
water, be then exposed to the action of hydrogen gas, the silver will 
be revived, and the figures, firmly fixed upon the silk, will become 
visible, and shine with metallic brilliancy. 

164. By proceeding in the same manner, and using a solution of 
gold in nitro-muriatic acid, silks may be permanently gilt at a most 
insignificant expense, and will exhibit an appearance the most beau- 
tiful that can be conceived. 

165. To a similar solution of gold add about a fourth part of ether; 
shake them together, and wait till the fluids separate; the upper 
stratum, or etheral gold, is then to be carefully poured off into another 
vessel. If any polished steel instrument or utensil be dipped into 
this solution, and instantly plunged into water, the surfisice will have 
acquired a coat of pure gold, being a very elegant and economical 
mode of preserving polished steel from rust. 

166. If terchloride of platina be mixed with a fourth part of its 
bulk of ether, and the mixture suffered to settle, the ethereal solution 
of platina may be decanted as in the preceding experiment. Polished 
brass, and some other metals immersed in this solution, will be covered 
with a coat of platina. This process may be applied to many useful 
purposes. 

167. Fill a thermometer tube with tepid water, and immerse it in 
a glass vessel of water of the same temperature, containing a mercurial 
thermometer. If the whole be now placed in a bed of snow, or in a 
frigorific mixture, the water in the tube will suffer a progressive dimi- 
nution of volume, until it arrives at about 40° ; it will then begin to 
expand gradually until it becomes solid. This shows how ice is 
enabled to swim on the surface of water. 

168. Another example on this subject may be shown. Fill a 
thermometer tube with cold water, at about 32°, and immerse it in 
a vessel of warm water. In this case, the water in the tube will 
contract in volume till it arrives at about 42°, when it will appear for 
a time nearly stationary. If the heat be now continued, the effect 
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will h» reversed, for the water in tba tube will €xpand tm its tempent* 
ture 18 inoeaeed. 

100. It is an interesting expAriment to pLiM a glow-wozm withia 
• jar of oxygen gM, in « dark room. Tba insect wiU shine with 
mqeb greater briUiiuicy than it does in atmospherio air, snd appear 
more alert. As the luminous appearance depends on the will of the 
animal, this experiment probably affi>rds an instance of the stbnulns 
which this gas oommunicates to the animal system. 

X70. Prepare a yery dilute and colourless solution of platina^ by 
dropping a small quantity of the nitro^muriate of that metal into a 
glass of water. If a single drop pf the solution of muriate of tin bo 
added to this, a bright red precipitate will be instontiy produoed. 
A more delicate test thim this cf any ntetal, cannot be oonoeived. 

171. If Hi morsel of ^ dried czystals of nitrate of silver (not tbe 
lunar caustic) be laid on a pi^ce of bfuming ch»wM>al, the metiUie 
salt will immediately deflagrate, throw out the n^t beantifnl sdntll- 
lations that can be imagined, and the smfycfi of tbd i^iWEPdal wiU be 
richly coated ^ith metallio silver. 

172. To a colourless solntion of n}tii^te ef xneroHiy, add fm equ^Uy 
colourless i|ol)]tipn pf sulhb<»rat# fii sod^* Th}# will prp^nq^ a ^qble 
decompositiop, iu4 form a brigbt yeUow precipitin of bPl^te of 
i^Bfrpuryi giving an instance of di^arei^ of cplour in ii^etal^yl^tb^ 
union with different acids. 

173. Into a diluted solution of sidpluite pf eoppffr* po^r ^ W^ 
liquid caustic ammoniii ; this will ppgcipitate the copper of ^ bkiislt 
whits, Duripg its examination, however, the precipitate will be ledifh 
scdved, and f^ b^fMitiful bhieUquidy palled aqn» CfMn% wi^ 

174< If Que gn^in of diy nitrate <^ bimiatb be previpusly mf^ 
with a grain of phosphorus, and then rubbed in a metallio mprtaii^ m 
load detonation will be prpdueet}. 

175. Write on paper vnth i^ solution of nitrate of bismD^; when 
this is 47 the writing wil) be iy^vis^; blit if the pii|>er bp ipBTPsnB ad 
in water, it will be distinctly legible, 

176. A letter written with a diluted splutiPH pf bisjs^uth, beoomei^ 
when dry, illegible { jsut a ^ther dipppd i9 a sp^tion of suli^ui^ of 
potash will instantly blackei^ the oj^ide* find revive the wri^ng. 

X77> Drop a ^eop pf phosphprus, about the sise of a pee> into a 
tumbler of hot water, and &om a bUujder furnished with a etop-cpok, 
foree a strea^a pf oxygen gas direetjy xxj^n it. This will ^ffixrd tba 
ipost brilliant combustion under wftter that c^n ))e i^nsgined. 

178. 3E*aste a slip of litmus paper within a glass jar, near the bottoin. 
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tlien fill the jar with water, and inYerfe it on the shelf of a pneumaiio 
tiough. If as muoh nitrlo oxide gas, previously well washed, be 
passed into the jar as will displace the water below the level of the 
paper. Hie colour of the Utmus paper will still remain unaltered ; but 
on passing up atniospherlo air it will immediateljbe reddened ; lowing 
the jformation <^ an aoid by the misture of two gases. 

179. Tal^e % few grains of citric add, and twice as much dry car- 
bonate of potash, or of soda, both in powder; mix them, and put 
tbem into a dry glass. No chemical diange will take place in either 
oi these salts, but the moment water is poured upon tiiem an effer- 
vescence will ensue ; affording an instance of the necessity of water 
to promote some chemical decompositions. 

180. Dissolve a few ciystals of nitro-muriate of gold in about 8 
times their weight of pure water ; place a thin slip of charcoal in the 
0olntion, and heat the whole by jneata of a sand-bath. When the 
solution has acquired nearly a boiling heat, the gold will precipitate 
itself on the oharcoi^l, in its metallio splendour, forming a dngular 
and beautiful appearance. Ttaa experiment is designed to show tiiat 
znetals become insoluble the moment they impart their oxygen to 
Ibnign bodies. 

181. Ph)oeed as in the last experiment, and submit the vessd, with 
Ub contents, to the rays of the sun. Here the metal will be reduced, 
and the charcoal as effectiially gilt as before. This is illustrative of 
the deoxidizing power of the sim's rays. 

182. Drop a little leaf gold into aitro-muriatio add, and it will 
instantly disappear. This experiment is dengned to show the great 
aolnbility of the metals when submitted to a pr(^)er menstruum. 

138. Four a little purified nitvio add into one wine-glass, and mu- 
riatio add into another, and drop a titde leaf gold into each. Here 
neither of these corrosive adds will act at all upon the metal; the 
gold will remain untouched. Now pour the whole contents ^of the 
two glasses together, and the metal will disappear, and be as effiBetually 
dissolved as in the last experiment. 

184. If a little metallic aisenio in powder be mixed with a few 
zine filings, and then treated with diluted sul|^uric add, arseiiiuretted 
hydrogen gas may be collected, which bums with a peculiar kind of 
lambent white flame. 

165. If a portion of this gas, issuing from a very small tube, be 
set oji fire, and then immersed in a laige glass receiver of oxygen gas, 
and the stream of arseniuretted hydrogen kept up by the pressure of 
the bladder, a Uue flame of greater splendour will be produced. 
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186. Take an amalgam of lead and mercury^ and another amalgam 
of bismuth, let these two solid amalgamfl be mixed hj tiitnre, and 
ihej will instantly become fluid. 

187. Charge a small glass retort with strong muriatic add, and 
insert its beak into a tubulated receiver, containing a little water ; 
then into this receiver insert two small thermometers, the one im- 
mersed in the water, the other suspended above it. By applying the 
heat of a lamp to the retort, muriatic acid gas will be disengaged in 
abundance; and if the thermometers be examined, that which is 
suspended in the gas will be found to have risen only a few degrees, 
while that which was immersed in the cold water has acquired a 
boiling heat. 

188. Take' a glass of cold water, pour a Uttle sulphuric ether upon 
its sui&oe, and inflame it by a slip of lighted paper. The ether will 
bum for a considerable time, and produce a large volume of flame, 

' but when it is extinguished, the water wiU be found not to have in- 
creased in temperakire. The design of this experiment is to show 
that water is a bad conductor of odoric, and that when we wish to 
heat water, the heat ought not to be applied at its surface. 

189. Dip the bulb of a thermometer in melted rosin so as to coat 
the glass with it, and suffer it to cool completely. If the flame of a 
taper be now applied to the bulb so as to melt the rosin, the mercury 
in the thermometer will not rise at the approach of the taper, but 
will actually be seen to contract as the rosin becomes liquid. 

190. Put into a wine-^lass about a scruple of the manganesiate of 
potash, and an equal quantity of the same compound into another 
£^8. On one pour hot, and on the other cold water. The hot sohi* 
tion will exhibit a beautif ol green colour ; the cold one, a deep purple. 

191. If a small portion of the same <iompound be put into several 
glasses, and water at different temperatures be poured upon each, 
the contents of each glass will exhibit a different shade of colour. 
This experiment affords another instance of metals producing various 
colours according to their different states of oxidizement. 

192. Into a glass of water containing a small portion of common 
salt, drop some of a clear solution of nitrate of silver, and an insoluble 
precipitate of chloride of silver will be produced. This experiment 
is designed to give the pupil some idea of the method of aoalyang 
mineral waters. Every 100 gndns of this precipitate, when dried, 
indicate about 42 grains of common salt. 

198. Into a glass of Aix-la-ChapeUe water, or water holding a 
small portion of potash, drop a litUe of the solution of nitro-muriato 
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<^ platlna^ and an immediate yeUow precipitate will be produced. 
This affords another instance of the nature of the means usually 
employed to detect whatever substances may be diasolved in miner^ 
"waters. 

194. Into distilled water drop a little spirituous solution of soap, 
and no chemical elffect will be perceived ; but if some of the same 
solution be added to hard water, a milkiness will immediately be pro- 
duced^ more or less, according to the degree of its impurity. This 
is a good method of ascertaining the purity of spring water. 

195. If a little pure white calomel be rubbed in a glass mortar 
with a little colourless solution of caustic ammonia, the whole will 
become intensely black. 

196. A little of the solution of sulphate of manganese, being ex- 
posed in a glass phial to the light of the sun, its rose colour will be 
entirely destroyed. This ia another expeximent to show the de- 
oxidizing power of the sun's rays. If the phial be removed into a 
dark room, the original colour of the solution will be restored. 

197. Dissolve about a drachm of pulverized sulphate of copper in 
a little boiling water, and an equal quantity of powdered muriate of 
anmionia in a separate vessel in hot water. By mixing the. contents 
of the two glasses, a quadruple salt will be formed, which gives a yel- 
low colour to the solution while hot, and becomes green when cold. 

198. Mix three grains of sulphur with nine grains of dry nitrate 
of silver, and lay the mixture in a small heap on an anvil, or on any 
piece of solid metal. If the mixture be now struck smartly with a 
cold hammer, the sulphur will inflame, but no detonation will ensue. 
This is an instance of a metallic salt being decomposed, and a com* 
bustible substance inflamed by percussion. 

199. If the experiment be repeated, and the mass be struck with a 
hot hammer, the mixture detonates, and the sUver is reduced. 

200. Pour a solution of nitrate of silver into a glass vessel, and 
immerse a few slips of copper in it. In a short time a portion of the 
cx)pper will be dissolved, and all the silver precipitated in a metallio 
form. If the solution, which now contains copper, bo decanted into 
another glass, and pieces of iron added to it, this metal will then be 
dissolved, and the copper precipitated, yielding a striking example of 
peculiar affinities. 

201. Melt a portion of grain tin, and pour it into a metallic cup. 
Allow it to cool till it is congealed to some depth, then pierce the 
bolid crust, and carefully pour out that poition which is still liquid. 
Xf what remains in the yessel be suffered tp oool eQtirely, it wiU pre* 
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sent rhomboidal ciystals of considerable suse, formed by the aj^aemr 
blage <^ a great number of small needles longitudinally united. 

202. Treat silver in the same way, and we shall procure a metaOio 
mass, crystallized in quadrangular or octahedral prisms. These two 
experiments will succeed better if the metal be poured into a vessel 
with an orifice in the bottom, which must be stopped with a proper 
plug, and this removed as soon as the upper crust hardens ; the liquid 
metal will then run out, and that which is congealed will exhibit a 
regular crystallization. 

203. Fonn an amalgam with four parts of silver leaf and two of 
mercury, and dissolve this amalgam in diluted nitric add. Then add 
water to the solution, equal to 30 times the weight of the metals em- 
ployed, and put the whole aside for use. If an ounce of this solution 
be at any time poured into a phial, and a small piece of soft amalgam 
of silver be dropt in, filaments of reduced silver will shoot firom it^ 
and extend upwards, in the form of a shrub. This appearance of 
arborescence is called the Tree of Diana. 

204. ' If two parts of sulphate of copper, and three of carbonate 
of anmionia (the one a blue, the other a white salt), be rubbed to- 
gether in a glass mortar till the carbonic acid be expelled, the mass 
wHl become soft and humid, and, when dried, forms a crystalline 
powder of a deep violet colour. This compound was formerly called 
cuprum ammoniacum. 

205. If a flat bar of iron be hammered briskly on an anvil, its 
temperature will soon be so increased, that a piece of phosphorus 
laid upon it would instantly be inflamed. This experiment is designed 
to show that caloric may be evolved merely by percussion ; and that, 
when evolved, it is as active ancL energetic as though it had never 
been latent. 

206. If a little colourless and recently prepared muriate of tin be 
poured into a rich green solution of muriate of copper, the copper will 
be deprived of a portion of its oxygen, and a white muriate precipitated. 

207. Into the phial containing the white muriate of the last ex- 
periment, pour a little muriatic acid. The precipitate will quickly be 
dissolved, and the solution will be colourless. 

208. IVocure some solution of sulphate of iron at the minimum of 
oxidizement, by digesting iron filings with the common sulphate. 
Into this, when filtered, drop a little of the solution of prussiate of 
potash, and a white prussiate of iron will be precipitated. 

209. If a very little colourless nitric acid be added to a solution of 
^Iphate of iron prepared as in the last experiment, the addition of 
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the prossiate of potash will produce not the white, but the blue proa- 
siate of iron. 

210. Pour some pure nitric acid on the black oxide of manganese^ 
and no solution will be effected ; but if a little sugar be added, the 
sugar will abstract a part of the oxygen from the oxide of manganese^ 
and the acid will then be enabled to dissolve the metal. 

211. If a piece of bright silver be dipped in a solution of sulphate 
of copper, it will come out imchanged ; but if the blade of a dean 
penknife, or any piece of polished iron, be dipped in the same solu- 
tion, the iron will instantly assume the appearance of copper. 

212. Take the piece of silver employed in the last experiment, hold 
it in contact with the iron, and then, in this situation, dip them into 
the same solution, and both will be covered with copper. 

213. Dissolve some oxide of nickel in caustic ammonia, which will 
produce a solution of a rich blue colour. By exposiu^ to the air this 
gradually changes to a purple, and lastly to a violet. The addition 
of an acid wHl, however, convert the whole to a green. 

214. Take the green solution of the last experiment, and pour 
caustic ammonia upon it. The original blue colour will now be re- 
produced. 

!ti5. Prepare a colourless solution of tartrate of potash and anti- 
mony (the common emetic tartar), and pour into it a little liquid 
sulphuretted hydrogen. This will combine with the metal, and form 
an orange-coloured precipitate. 

216. Melt together equal parts of copper and antimony, the one a 
yellow, the other a white metal, and the alloy that results firom this 
mixture wiU take the colour Of the violet. 

217. If the gray sulphuretted oxide of antimony be fused in a cru- 
cible we procure a beautiful transparent glass, which is called the glass 
of antimony. This takes the colour of hyacinth. 

218. When antimony is heated to whiteness in a crucible, and in 
this state agitated, in contact with the air, it inflames with a sort of 
explosion, and presents while burning a very singular kind of white 

' flame, forming what have been formerly called argentine flowers. 

219. When antimony is well fused upon charcoal, and i^ at the 
moment when its surface is not covered with any particle of oxide, 
we throw it suddenly upon the ground, the globules, into which it 
divides in its fall, bum with a very lively flame, throwing out on all 
sides brilliant sparks, different from that of any other metal. 

220. Mix flve or six grains of sulphuret of antimony with half its 
weight of chlorate of potash, and then, if a sudden stroke be given to 
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the nuzture upon a steel anvil, it fulminates with a loud report, emit- 
ting, according to Fourcroy, a flame as brilliant and rapid as light- 
ning. 

221. If alcohol contains muriate of magnesia, it has the property 
of burning with a reddish yellow flame. 

222. Evaporate to dryness a solution of gold, made with nitro- 
muriatic acid, and dissolve the crystals in a sufficiency of pure water, 
to prevent the crystallization of the metallic salt. Thoroughly moisten 
a little magnesia with this aqueous solution, and place the mixture in 
the sun*s rays. A change of colour will soon be apparent. It will 
first take a faint violet hue, and in a few hours the whole will have 
acquired a very deep purple. 

223. Moisten a little magnesia with some of the solution as before, 
and then dry the mixture in the darh. If it be then submitted to the 
action of the sun s rays, it wiU acquire only a faint violet, even by 
several hours* exposure. 

224. If the mixture employed in the last experiment be now 
thoroughly wetted with pure water, and again placed within the rays 
of the sun, its colour will rapidly change, and will acquire a deep 
purple, approaching a crimson. 

225. Moisten a piece of white ribbon with the aqueous solution of 
gold, described at No. 222, and diy it thoroughly in the dark ; then 
suspend it in a clean, diy, transparent phial, and cork it dose with 
a dry cork. Expose the ribbon, thus secured, to the strong light of 
a bright sun, for half an hour, and only a faint appearance of change 
of colour will be perceived. 

226. Take the ribbon out of the phial that was employed in the 
last experiment, and wet it well with distilled water. If it be now 
exposed to the sun's rays, it will instantly change colour, and will 
quickly be stained of an indelible purple. 

227. Dissolve dry nitrate of silver in pure water; add a little oil of 
turpentine, shake tiie mixture, and cork it dose. Submit the phial 
with its contents to the heat of boiling water for an hour, when the 
metal will be revived, and the inside of the phial, where the oil reposed 
on the aqueous solution, will be beautifully silvered, the reduced 
metal forming a metallic ring, extending quite round thephiaL 

228. Immerse a slip of white silk in a solution of nitro-muiiate of 
gold in distilled water, and dry it in the air. Silk thus prepared will 
not be altered by hydrogen gas ; but if another piece of silk be dipped 
in the solution and exposed while wet to the same current of hydro- 
gen gas, instant signs of iijetalUc reduction will appear j thQ colour 
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will change from yellow to green, and a biilliant film of rednced gold 
ymil soon glitter on its surface. 

229. If a piece of silk be immersed in a solution of nitrate of silver 
and dried in a dark place, and then submitted to hydrogen gas, the 
silver will not be reduced ; but if exposed while wet to a stream of the 
some gas, the surface will quickly be coated with reduced silver; 
various colours, such as blue, purple, red, orange, and yellow, will 
aocompany the reduction, and the threads of the silk will look like 
silver wire. During these experiments the silk should be constantly 
kept wet with distilled water. 

230. Dissolve some crystals of muriate of tin in distilled water, 
then dip a piece of white silk in the solution, and dry it in the air. 
If this be now immersed in hydrogen gas, no change will be observed ; 
but if it be exposed while wet to the same current of gas, the reduc- 
tion will soon commence, attended with a great variety of beautiful 
colours, as red, yellow, orange, green, and blue, variously inteimixed. 

231. F^pare a strong solution of phosphorus in sulphuric ether, 
and dip a piece of white silk in the solution ; then, when the ether has 
evaporated, and the phosphorus begins to fume, apply a solution of 
nitro-muriate of gold, made by dissolving the crystals of that salt in 
distilled water; the silk will in an instant be covered with a splendid 
coat of metallic gold. 

232. Proceed as in the last experiment, and instead of the solution 
of ^ gold, apply, with a camers-hair pencil, a solution of nitrate of 
silver. Here the silver wiU instantly be restored to its metallic bril- 
liancy, and frequently attended by spangles of a beautiful blue. 

233. If a bit of white silk be immersed in an ethereal solution of 
gold, and dried, the application of phosphorized ether will only impart 
a brown colour to the silk ; but if, as soon as the phosphorus begins 
to fume, it be placed on the palm of the hand, and breathed on for a 
considerable time, the brown will be succeeded by a purple tinge, and 
the metallic lustre of the gold will soon begin to appear. 

234. If a stick of phosphorus be suspended in an aqueous solution 
of nitro-muriate of gold, in a few minutes the phosphorus will become 
covered with pure gold. 

235. If a piece of white silk be dipped in an aqueous soluiaon of 
nitro-muriate of gold, and exposed while wet to sulphurous acid gas, 
the whole piece will in a few seconds be covered with a coat of re- 
duced gold, which rcmains permanent. 

236. If a piece of white silk be immersed in an aqueous solution of 
nitrate of silver, thoroughly dried in the dark, and then exposed to 
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sulphurous add Tapours, it will suffer no clmiige ; nor, if it be wetted 
wiUi alcohol and then replaced in the vapour, will any sign of reduc- 
tion appear ; but if it be wetted with pure water, and then exposed 
to the vapour, metallic silver will inunediately be seen on its sur- 
iaoe. 

A gbss funnel is a convenient apparatus for these experiments. 
Tt» silk may be suspended by a thread passed through it, and made 
fast to the funnel with a cork. The funnel is then to be placed ojota 
table, and by moving it a little over the edge of the table^ a lighted 
match may be readily introduced, and when the glass is full of vapour 
the match may be withdrawn. The vapour is confined by sliding the 
funnel back upon the table ; and thus the phenomena of the experi- 
ment may be easily observed. 

237. ]f a bit of silk be immersed in diluted acetate of lead, and 
exposed while wet to a stream of sulphuretted hydrogen gas, a brown 
tinge wiU instantly diffuse itself over the whole surface of the silk, 
aooompanied with a bright ooat of sulphuret of lead. 

238. If a piece of silk be immersed in an aqueous solution of mu- 
riate of tin, and exposed while wet to a stream of the same gas, re- 
duced tin of great brightness will immediately cover the suifnoe, and 
in a Httle time this will be accompanied by various colours, such as 
blue, orange, and purple. 

239. A piece of silk, treated in the same way, but dipped in an 
aqueous solution of chloride of arsenio^ will be covered with resplen- 
dent metallic arsenic, attended with a citron yellow colour. 

240. I^repare two glasses of very dilute nitrate of copper; into one 
drop a little liquid ammonia, and into the other some diluted arsenite 
of potash. The mixturo of these two colourless solutions will produce 
v«y different effects ; for the one glass will have an abundant pre- 
cipitate of a beautiful grass green, and the other a precipitate of a 
brilliant sapphire blue. 

241. Take potassium, make it very hot within a small glass vessel 
of oxygen gas. Here a rapid combusticm, with a brilliant white 
flame, will be produced, and the metallic globules will be converted 
into a white and solid mass, which will be found to be pure potash. 

242. Place a small piece of potassium within a dry wine-glass, and 
in order to acquire an idea of its specific gravity pour a little alcohol 
ether, or naphtha upon it ; when, quitting the bottom of the glass, it 
wUl immediately rise to the surface of the liquid, it being, notwith- 
standing its metallic appearance, the lightest solid body known. 

248. If a Uttle potassium be dropped into a jar of chlorine gas, it 
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burns spontaneously, and emits a bright red light. In this experi- 
ment a white salt is formed, the chloride of potassium. 

244. If a globule of potassium be thrown upon water, it is decom- 
posed with great violence : an instantaneous explosion is produced with 
brilliant flame, and a solution of pure potash is the result. 

245. If a similar globule be placed upon ice, it will spontaneously 
bum with a bright flame, and perforate a deep hole in the ice, which 
-win contain a solution of potash. 

246. Take a piece of moistened turmeric paper, and drop a globule 
of potassium upon it. At the moment that it comes into contact with 
the water, it bums and moves rapidly upon the paper, as if in search 
of moisture, leaving behind it a deep reddish brown trace. 

247. When a globule of sodium is thrown into hot water, the de- 
composition of the water is so violent that small particles of the metal 
are thrown out of the water, and actually burnt with scintillations 
and flame in passing through the atmosphere. 

To read or practisiB the foregoing experiments, merely for the 
sake of amusement, may, occasionally, have its advantages ; but 
a resolution to repeat them, and e:2(amine all the phenomena, 
for the sole purpose of receiving instruction, is what the 
author would principally inculcate. 
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OF CHEMICAL EQUIVALENTS, ATOMIC WEIGHTS, OR PROFOBTIOKAIi 
KUMBEKS, HYDROGEN BEING TAKEN AS UNITY. 

From Dr, Twrne/^s System of Otcmittry. 



JTnoM the full account already given of the laws of combination and 
of the atomic theory^ it will be superfluous to describe the uses of a 
table of equivalents. The only explanation required in connexion 
with this subject relates to the ingenious contrivance called the Sc<ile 
of Chemicdl EquivalenU, devised by the late Dr. WoUaston. This 
useful instrument is a table of equivalents, comprehending all those 
substances which are most frequently employed by chemists in the 
laboratory ; and it only differs from other tabular arrangements of 
the same kind, in the numbers being attached to a sliding rule, which 
IS divided according to the principle of that of .Gunter. From the 
mathematical construction of the scale, it not only serves the same 
purpose as other tables of equivalents, but in many instances super- 
sedes the necessity of calculation. Thus, by inspectiug the common 
table of equivalents, we learn that 87*15 parts, or one equivalent of 
sulphate of potash, contain 40 parts of sulphuric acid and 47*15 of 
potash; but recourse must be had to calculation, when it is wished to 
determine the quantity of acid or alkali in any other quantity of the 
salt. This knowledge, on the contrary, is obtained directly by means 
of the scale of chemical equivalents. For example, on pushing up 
the slide until 100 marked upon it is in a line wiih the name sulphate 
of potash on the fixed part of the scale, the numbers opposite to the 
terms sulphuric acid and potash will give the precise quantity of each 
contained in 100 parts of the compound. In the original scale of 
Dr. WoUaston, for a particular account of which I may refer to the 
Philoaophical Transactions for 1814, oxygen is taken as the standard 
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of conpuiKOD i but bydrogen ma; be srlecUd for tbat pnrpow vith 
<qnal propriety, and scales of this kindbavfl been prepared for sale bj 
Dr. Boswell Beid of Edioburgh. ATeiycomplete scale of pqarralents 
has been drawn up bj Mi. Prideaai.— (PhU, Mag. and jtnnob, viiL 



EQUIVALENTS OF BIHPLE AND COMPOUND BODIES. 
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Calcinm 

snlphnrcf, Ca-f-S ; T' S8& 
phosphuret, Ca-f-P • 86*3 

(Carbon . . . « • 6 
chloride, C+Cl . • 41-45 

perefaloride. 2C-H)Cl • . 106*86 
oxide, C-H> ... 14 
biBulphuret^C+SS . • 88 
Cerium .... 46 
oxide, Ce-f-O ... 64 
peroxide, Ce-f 1 ^0 • • 68 

Chloral, 9C-HCl-f40 . . 212-7 
Chlorine . . . • 86 45 
oxide? CU-O . . . 43*45 
peroxide, ClrHO • 6745 
Qiroaiiiim .... 28 
ehloride, Cr-f-l^Cl . 46*72 

terchloride, Cr-f 3C1 . . 184-35 
' terflnoride, Cr-f-3F . . 84*04 

oxide, Crt*UO . •« . 40 
Cobalt . . . , . 89*& 
chloride, Co+a . . . 64*96 
oxide, Co+O . . . 87'6 
peroxide, Cof 1*0 . , 41-6 
■olphmet, C(H-^ . • 46*6 
Copper . . • • 81.6 

dichloride, 2Ca-fCl . • 98*66 
chloride, CQ+a . • 66-06 

dioxide, 2Cii-fO . . ' 71*2 
OKide (black) Ca-f . • 89*6 
disolptturet, 8 CiH-S . 79*3 
Bulphuret, Cii-i-S . . 47*6 
Cyaiio«reii, 2C4-N . . . 86 
Either. 3 (2C-f-2HH-(H-H>) . 87 
]<1uoriDe ..... 19 
Ghidnnm . . .18 

Oiacina, 6-1-0 . . . 86.7 

Gold 800 

chloride^ Ao+Cl . . 885*44 

terchloride, Au+3C1 . . 806*86 

oxide, An-fO . . 808 
teroxide, An-fSO . .224 

tersnlphnret} Au+83 . 848 
Hydrot^en .... 1 
arseniorretted, A»-|-H . 88*7 
carborretted (Ught) G-f 2U 8 

carbnretted (heavy} 8(>f 2H 14 

Iodine 126* 

Iridiam .... 99 

lion 28 

diloride, Fe4-Cl . . 63*45 
perchloride, Ve-flJCl . . 80*7 
oxide, Fe-fO ... 36 
peroxide, Fe-f-UO . . 40 
■ulphnret, Fe-f^ . . 44 
hisulphuret, Fe+2S . . 60 

Xead 1036 

chloride, Fb+Cl . . 13895 

iodide, Fb+l . . . 229*5 

oxide, PbHrO . . . 111*6 

lesquioxide. Ph+UO . 115*6 

peroxide, Fb-f20 . . 119*5 

sulphuret, Fb-f-S . . 119 5 
Uthioiu .... 10 



Lithimn chloride, L-f- CI 

oxide OithiA) L40 

sulphuret, L-f-S 
MagDeBimn 

chloride, Mg-^Cl • 

oxide, Mg-i-O 
Manganese • 

chloride, Mn+CI 

perchloride, 2Mn*t7Ci 

oxide, Mn-fO 

sesquioxide, Mn+HO 

binoxide, Mn-f'20 

red oxide, 8Mn< 40 

Tarvadte, 4Mn-4-70 

sulphuret, Mn-j-S 
Mercury 

chloride, HH-Cl 

bichloride, Hg-f-2Cl 

iodide, Hg+I . 

biniodide, Hj;-)--'^! 

oxide, Hg-K> . 

binoxide, Hg+20 

sulphuret, Hg-^S 

bisttlphuret, Hg+SS 
Molybdenum 

oxide, Mo-fO 

binoxide, Mo 80 

bisulphuret, Mo-f8S 

tersnlphuret, M<H-8S 
Nickel ... 

chloride. Ni+a 

oxide, Ni4-0 

sesqnioxide, N-f-lfO 

Solphuret, M+S 
Nitrogen . • 

bicarburet, 8C-|-N 

chloride, N+4C1 

iodide, N+SI . 

oxide, N4-0 . 

binoxide, N+20 
Osmium 

Oxvgen . . , 
Palladium . 

oxide, Pd-t-O • 

binoxide, Fd-f-20 
Phosphorus . • 

chloride, P~j-UC . 

perchloride, P+2iCl 
Platinum . . 

chloride, Pt+Cl . 

bichloride, Pt-f-2Cl 

oxide, FH-0 

binoxide, Ft-f 20 

sulphuret, Pt-fS 
Potassium 

chloride, Po-f€l 

iodide, Fo-f-1 . 

oxide (potash) Fo-fO 

peroxide, Fo-f-80 

sulphuret, Po^-S 
Rhodium 

oxide, R-f-0 

sesquioxide, Brj-lJO 
Seleoinm . 



45-45 
18 
86 
127 
4815 
, 16-7 
277 
6815 

803*55 
857 
89*7 
437 

1161 

166*8 
437 

800 

885*45 

270*9 

8-36 

452 

808 

816 

816. 

832 
477 
657 
637 
797 
957 1 
89*6 
64-96 
87-5 
41*6 
46*5 
14 
2(i 

156 8 

892 

.32 

80 

100 

8 

63 

61 

69 

157 
68-87 
104-32 

98*6 
134*05 
169-6 
106-6 
114*6 
114-6 

89*15 

74-6 
165*16 

47-16 

63*15 

6616 

63 

60 

64 

89 
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Silicinm # . »' t 


7 


Acetate of 


Rilica,Si-H) , • . . 


13*3 


baryta • 


Sil?er 


108 


c. 8 aq. • 


chloride, Ag+Cl . . ■ 
iodide, Agi-1 


, 143-45 


cadmium 


S34 


c. 2 aq. • 


oxide, Ag-fO . . 


. 116 


copper (neutral) . 


Bulplinreti, Ag-f S . 


124 


c. 1 aq. 


Sodium 


, 333 


(diaceiate) c. 


chloride, So+Cl . . 


58-75 


triacetate) c. 


iodide, So+1 . . , 


. 149-3 


lead 


oxide (8od»») So4-0 . 


31 -3 


c. 8 aq. • 


peroxide, So-fliu . < 


. 35.3 


(diacetate) , 


suiphnret, SchfS 


39.3 


(triacetate) 


Strontium 


. 43*8 


lime . . • 


chloride, Sr+Cl 


79-25 


ma^niesia • 


iodide, Sr+I, 


. 169-8 


mercury . • 


oxide (strontia) Sr+0 . 


51-8 


potash 


eulphuret, Sr-f i^ 


. 59.8 


silver • < 


Sulphur 


16 


strontia . 


chloride 


. 61-45 


zinc . 1 


Sulphuretted hydrogen . 
TeUurinm 


17 
. 82-2 


c.7aq 
Arscnlate of lead 


chloride, Te4<?l . 


67-65 


lime 


bichloride. Te-f 2C1 . 


. ioa.i 


potash 


oxide, Te+O . 


40-3 


Binarseniate of potaah 


Thorium . . « i 


, 60 


c. 7 aq. 
Arseniate of soda 


Tin 


67-9 


chloride, St4*Cl 


. 9:J-35 


Binarseniate of soda . 


bichloride, Strt-2C1 . 


128-8 


c. 134 aq. 
Arseniate of suTer 


oxide, St+O 


. 659 


binoxide, StH-SO . 


73'9 


Carbonate of bajryta 


sulphuret, Sv-f-S . 


. 73-9 


copper 


bttulphurct, St+2T 


89-9 


iron . • 


Titanium .... 


. S4-3 


lead • 


bichloride, Ti-f 2C1 


95-20 


lime ^ . * 


oxide, THPO 


. 32-3 


magnesia ■ 


bisulphuret. Ti-1-28 


66»3 


manganese 


Titanic acid, Ti-f 20 . 


. 40-3 


potash 


Tongsten . • • • 


99-7 


Bicarbonate of potash 


oxide, Tu-i-20 . 


. 115-7 


claq. • 


acid,Tu-HO . . . 


123-7 


Carbonate of soda 


Vanadium • _j • • 
bichloride, Y4-2CI . . 
terchloride, V-HQl . . 


. 68-5 


c. 10 aq. 


139-4 


Bicarbonate of soda 


. 174-85 


c. 1 aq. 


oxide, V+O . . . 


. 76-5 


Carbonate of strontia 


binoxide, V+SO . 


. 84-5 


zinc 


acid,V-{-30 . . . 


92-5 


Chlorate of baryta 


bisulphuret, V-f 33 • 
tenulphuret, V-HJS 


. 100-5 


lead 


116-5 


mercury • 


Uranium 


. 217 


potash 


oxide, U+0 . 


225 


Chromate of baryta 


peroxide, U-f 1^0 • 


. S29 


lead . 


Water, H-H) .... 


9 


mercury 


Yttrium . • • . 


, 82 


potash 


yttria,Y+0 .... 


40-3 


Bichromate of potash 


Zinc 


. 82^5 


Muriate of ammonia . 


chloride-, Zn-fCl 


, 67.95 


baryta 


oxide, Zn-fO . . . 


40.5 


c. 1 aq. 


sulphuret Zu-fS . . 


, 48.6 


lime 


Zirconium 


, 30 


c6aq. 


Zirconia, Z4-0 


88 


magnesia 
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strontia, -l-^aq. . 


Acetate of ammonia 


> 68 


Nitrate of ammonia 


c.7aq- 


131 


baryta 



6aq. 
Uaq. 



. 127-7 
1547 

. 114-8 
132-8 

. 90-6 
99-6 

. 184-3 

. 162-a 
185-9 
. il74 

885-5 
. 79-5 
69-7 
. 2S9 
9813 

• 168 
lOS-8 

. 915 
164-S 

. 169-a 
86-3 

. 104-89 
169*55 

• 259-3 

89- 

. 1467 

259-3 

. 46S-4 

987 

. 61-6 

58 
. 1SS.5 
50-5 
. 437 
57-8 
. 69-16 
9115 
. 100-15 
53-8 
. 143-3 
75-3 
. 84-3 
73-8 
. 63-5 
153-16 
. 186-95 
283*45 
. 133-6 
1287 
. 163-5 

860 

. 99-50 

151-16 

. 63-45 

113-15 

. 1331& 

64-95 

. 118-95 

57-15 

. 160-85 

71 
. 1807 
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untnteof 

bisniath 
c3aq. 

lead 

lime . • 

aiagneflia • 

mercnry, c. 3 aq. 

potash 

Bilver 

aoda 

atrontia . • 
Oxalate of ammonia 
c Saq. 

baryta 
Binoxfdate of baryta 
Oxalate of cobalt 

lime . • 

nickel 

potash 
C.1 aq. 
BJBOtalnte of potash 

c. 2 aq. 
Qaadroxalate of potash 

c7aq. 
Oxalate of strontia 
Fhoaphate of ammonia 
c. 8 aq. • 
baryta 
Fhoaphate of lead • 
*lime . • 
tmagnesia • 

c 14 aq. 
Diphosphate of soda 
c 1 aq. basic 



ISS 

160 
1655 
Si'S 

747 

S80 

101-15 
170 
85-3 
106-8 
63 
71 

112-7 

1487 

78-5 

64-5 

78-6 

83-16 

9216 

119-16 

13716 

19116 

264-16 

87-8 

88-65 

116-66 

148-1 

147-2 

442-29 

112-8 

238-9 

1341 

1481 



Diphosptiate of soda 
do. c. 24 aq. 
Sulphate of alumina 
ar?inouia 
baryta 
copper . 

c.6aq. 
irqn 

c. 6 aq. 
lead 
lime 

c.2aq. 
litbia . • 
magnesia . 
c. 7 aq. 
Sulphate of mercnry 
Bipersulphate of mercury 
Sulphate of potash 
Bisulphate of potash 

c. 2 aq. 

Sulphate of soda . 

c.lOaq. 

strontia • • 

zinc . . . 

c. 7 aq. 
alumina and potash 
c. 24 aq. (alum) 
Tartrate of lead 

Ume . • 

potash . . 

Bitartrate of potash • 

c. 1 a^. (cream of tartar) 
Tartrate of antimony and potash 
G. 2 aq. (tartar emetic) 



359 

657 

67-25 
1167 

79-6 
124-6 

76 
130 
161-5 

C8'5 

86-6 

68 

60-7 
128-7 
248 
296 

8716 
127-15 
14515 

7l'» 
161-3 

91-8 

80-5 
143-5 
268-60 
474-60 
177-5 

94-5 
11815 
179-16 
188-15 
33331 
861-31 



* 8 Lime + 8 phoaphorie acid. 



f 3 Magnesia -f> 1 phosphoric add. 



A VOCABULAEY 



CHEMICAL TERMS. 



AeetaUs. — Salts foimed by the oombination of any base with the 

acetic acid. 
Adds. — "Far the nature of acids, see page 65. 
Aeriform fimda, — ^Eluid substances combined with an additional 

portion of caloric sufficient to give them the gaseous fonn.< — See 

Gag. 
Affinity is the term used synonymously with attraction/ to denote 

the property of bodies, in consequence of which they combine 

together. 
Aggregates.'^SubatajiceB whose parts are imited by cohesive, and 

not by chemical attraction. See Affinity of Aggregation, 
^Z&iMnen.— That peculiar animal substance which exists in the serum 

of the blood, the white of eggs, and other compounds. 
Alcohol. — Spirit of wine, highly rectified to 66*. When purest, itu 

specific gravity is only 0*7947. 
AletiM;. — ^Xhe term given to the still used by chemists for their subli-' 

mations. 
^fi(;aZte«.— Peculiar substances which have an urinous, bumiiig, and 

caustic taste, and a strong tendency to combination. When united 

with acids they form mild alkaline salts. 
AUoys.'-'A combination of any two metals, except mercury, is called 

an alloy. Thus gold is alloyed either with silver or copper, for the 

puiposes of coinage. 
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AUuvidl, — ^By alluvial depositions, is meant the soil which has been 
formed by the destraction of the mountains, and the washing down 
of their particles by torrents of water. 

Amalgam,-^A combination or mixture of mercury with any other 
metal, is called a^i amalgam. 

AmflUmiacal saits. — Salts formed by the union of an acid with am- 
monia, or volatile alkali. 

Analysis. — ^The resolution of a substance into its constituent parts. 

Awnmling, — ^The art of rendering substances tough which are naturally 
hard and brittle. Glass and iron are annealed by gradual cooling ; 
brass and copper by heating, and then suddenly plunging them in 
cold water. 

Apparatus, c^emiVaZ.— This term is descriptive of all the utensils 
made use of in a chemical laboratory. The principal are stills, 
furnaces, crucibles, retorts, receivers, matrasses, worm-tubs, pneu- 
matics, troughs, thermometers, &c. 

Areometer, ^A. graduated glass instrument with a bulb, by which the 
specific gravity of liquids is ascertained. Baum^'s areometer is 
that which is chiefly referred to when the French writers speak of 
this instrument. 

ArgiUaceotLS.^A. term descriptive of those earths which contain 
alumina or clay. 

Aroma. — ^A term used for the odour which arises from certain vege- 
tables, or their infusions. 

A rsenites. — Compounds of the arsenious acid (white arsenic) and bases. 

Arseniates. — Salts formed by the combination of any base with the 
arsenic acid. 

Atmospheres. — ^We use this term to express the degree of additional 
pressure given to fluids. Thus, if, in order to impregnate water 
with any of the gases, I give it a pressure of 15lbs. upon every 
square inch of surface, I am said to give it one atmosphere ; if SOlbs. 
two atmospheres, &c. &c. 

Attraction, ckemical.'-^A term used to express that peculiar propen* 
fiity which different species of matter have to unite with each other, 
or with portions of matter of their own species. 

of aggregation. — ^A force, by which two bodies of the fiatne 

kind tend to combine, and by which an aggregate is formed without 
the chemical properties of the substances being at all changed. 

Attraction of composition. — ^A force by which substances of different 
kinds unite, and by which matter is formed whose properties ai*o 
different from ^hose of the bodies before their combination. This 
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afcfcraction is skonger ia proportion as tlie nature of the bodies is 
different between which it is exerted. 
Ass0te.^^A name given by the French chemists to nitrogen, to which 
the reader is referred. 

BaUwm, — ^A term given by the French to theur spherical chemical 
receivers. 

.Ba28C»m«.— -Certain aromatic resinous substances, which are obtained 
from some trees by incisions. Of tMs kind are the Canada balsam, 
the balsam of Copaiva^ the balsam of Tolu, &c. 

barometer, — ^An instrument which shows the variation of the pres- 
sure of the atmosphere, by the rise or &I1 of a column of mercuiy 
in a glass tube attached to a graduated plate. 

jBitUtf.— A chemical term, usually applied to denote the earth, the 
alkali, or the metal which is combined with an acid to form a salt. 

Botha, — Vessels for distillation or digestion, contrived to transmit 
heat gradually and reg^ularly. 

Bath «a9u2.— Vessels filled in part with dry sand, in which those re- 
torts are placed which require a greater heat than can be given by 
boiling water. In large works iron plates are used instead of ves- 
sels of capacity. They are often called sand-heats. 

Bath water, — ^Vessels of boiling water, in which vessels containing 
the other matters to be distilled or digested are placed, in order 
that the same heat may be kept up throughout the whole of any 
particular process. 

Benzoalea. — Salts formed by the combination of any base with the 
benzoic acid. 

Bittem.'-^Thid mother-liquor which remains afler the crystallization 
of muriate of soda (sea salt). It generally contains sulphate of 
magnesia, and a small portion of sulphate of soda. 

Bitwn&n, — A generic term, applied to a variety of fossil inflammable 
substances. 

Blaw-pipe.'^Aii instrument to increase and direct the flame of a lamp 
for the analysis of minerals, and for other chemical purposes. 

BoU-head.'^A round chemical vessel with a long neck, usually em- 
ployed for digestions. It is also called a matrass. 

Borates, — Salts formed by the combination of any base with the add 
of borax. 

Bviton, — ^A name given to the small round piece of metal which is 
found at the bottom of a crucible after a metallic ore or an oxide of 
metal has been reduced. 



194 AFFEISDIX. 

CaHeovreom, — ^A chemical ferm formerly applied to describe chidk, 

marble, and all other combinations of lime yn&i carbonic add. 
CaUnnoition.^'UhQ application of heat to saline, metallic, or other 

substances ; so regulated as to deprive them of moisture, &c., and 

yet preserve them in a pulverulent form. 
Calorie* — ^The chemical term for the matter of heat. 
CcdoriCf free, — Caloric in a separate state, or, if attached to other 

substances, not ehemiccUly united vrith them. 
Caloric, laient.~^lB the term made use of to express thai portion of 

caloric which is chemically imited to any substance, so as to become 

a pa/rt of the said substance. 
Calorimeter, — An instrument for ascertaining the (|nantity of caloric 

disengaged from any Bubstance that may be the object of experiment. 
Calx. — An old term made use of to describe a metallic oxide. 
Camphorates. — Salts formed by the combination of any base with the 

camphoric acid. 
CapiUary.^^A term usually applied to the rise of the sap in vegetaUes, 

or the rise of any fluid in very small tubes ; owing to a pecaliar 

kind of attraction, called capillary attraction. 
Capsides. — Are small saucers of day for roasting samples of ores, and 

for smelting them to ascertain their value. 
Caput Mortwwm. — A term signifying dead-head, being that which 

remains in a retort after distillation to dryness. See Residrnwra, 

which is the modem term. 
Carhon. — ^The basis of charcoal. 
Ca/rhonates. — Salts formed by the combination of any base with 

carbonic acid. 
Carhv/reta, — Compound substances, of which carbon forma one ot 

the constituent parts. Thus plumbago, which is composed of carbon 

and iron, is called carburet of iron. 
Causticity. — That quality in certain substances by which they bum 

or corrode animal bodies to which they are applied. It la best 

explained by the doctrine of chemical affinity. 
Cementation, — ^A process by which metals are purified or changed in 

their qualities by heat, without fiision, by means of a compoeitiony 

called a cement, with which they are covered. Thus iron, by 

being kept a long time in a certain degree of heat, surrounded by 

charcoal powder, is converted into steeL 
Chxdyheate.'^^^^ term descriptive of those mineral waters which are 

impregnated with iron. See Martial^ 
Charcoal, — ^Wood burnt in dose vessels : it ia an impure carbon, and 
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generally contains a small portion of talts and earth. Its carbon- 
aceous matter may be converted by combustion into carbonic acid 
gas. 

Chatoyont. — ^A term much used by the French chemists to describe 
a property in some metallic and other substances of varying their 
colours according to the way in which they are held ; as is the case 
with the feathers of some birds, which appear very diflferent when 
seen in different positions. 

Chert, — A term made use of in describing a species of silicious stones, 
which are coarser and softer than the common silex. It is often 
found in laige masses in quarries of limestone. 

CkronuUa. — Salts formed by the combination of any base with the 
chromic acid. 

Citrates. — Salts formed by the combination of any base with dtric 
acid. 

Coal. — A term applied to the residuum of any dry distillation of animal 
or vegetable matters. 

Cohesion. — ^A force inherent in all the particles of all substances, 
excepting light and caloric, which prevents bodies from falling in 
pieces. See AffinUjf. 

CohobatUm. — When a distilled fluid is poiured again upon the matter 
from which it was distilled, in order to make it stronger, it is called 
oohobation. The term is not much used by modem chemists. 

Combination. — A term expressive of a true ehemieal union of two or 
more substances ; in opposition to mere mechanical mixture. 

ComJbustibUs. — Certain substances which are capable of combining 
more or less rapidly with oxygen, or other supporters of combustion. 

Combustion'. — ^The act of absorption of oxygen by combustible bodies 
from atmospheric or vital air. The word decombustion is some- 
times used by the French writers to signify the opposite operation. 

Comminiaion, — ^The reduction of hard bodies into small particles. 

ConcentrcUion. — The act of increasing the specific gravity of bodies. 
The term is usually applied to fluids which are rendered stronger 
by evaporating a portion of the water which they contain. 

Condensation. — ^The act of bringing the component parts of vapour 
or gas, nearer together by pressure, or by cold. Thus atmosphenc 
air may be condensed by pressure, and aqueous vapour by the sub- 
traction of caloric, lill it is converted into water. 

OtfCt^Zes.— Vessels of indispensable use in chemistry in the various 
operations of fusion by heat. They are made of baked earth, or 
metal, in the form of an inverted cone. 
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OrystdUizcUion. — ^An operation of nature^ in which various earths^ 

salts, and metallic substances, pass from a fluid to a solid state, 

assuming certain determinate geometrical figures. 
Cfrystallization, water of, — ^That portion which is combined with 

salts in the act of crystallizing, and becomes a com^ponent part of 

the said saline substances. 
Cupel. — A vessel made of calcined bones, mixed with a small pro« 

portion of clay and wat«r. It is used whenever gold and silver 

are refined by melting them with lead. The process is called 

cupellation. 

Decomposition, — ^The separation of the constituent principles of com- 
pound bodies by chemical means. 

Decrepitation. — ^The sudden decomposition of salts attended with a 
crackling noise when thrown into a red-hot crucible, or on an open 
fire. 

D^a^ration, — ^The vivid combustion that is produced whenever 
nitre, mixed with an inflammable substance, is exposed to a red heat. 
It may be attributed to the extrication of oxygen from the nitre, 
and its being transferred to the inflammable body; as any of the 
nitrates or oxygenized muriates will produce the same eflect. 

Deliquescence of solid saline bodies, signifies their becoming moist, 
or liquid, by means of water which they absorb from the atmos« 
phere, in consequence of their great attraction for that fluid. 

Deliqmum is the state .of potash, or any deliquescent salt, when it 
has so far deliquesced by exposure to the air as to have become a 
liquid. 

Ddite. — A term used by some of the French writers, signifying to 
break, by the action of the air, like a soft stone into layers. 

Deoxidize (formerly Deoxidate). — ^To deprive a body of oxygen. 

Deoxidizement.^A term made use of by some writers to express that 
operation by which one substance deprives another substance of its 
oxygen. It is called unbuming a body by the French chemists. 

Depuration. — ^The purging or separating any liquid in a state of purity 
from its fseces or lees. 

Detonation, — ^An explosion with noise. It is most commonly applied 
to the explosion of nitre when thrown upon heated charcoal. 

Digestion, — ^The effect produced by the continued soaking of a solid 
substance in a liquid, with the application of heat. 

Digester, PapirCs, — An apparatus for reducing animal or vegetable 
substances to a pulp or jelly expeditiously. 
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DistiUaiimi, — A process for sepaTating the volatile parts of a substance 

from the more fixed, and pi-eserving them both in a state of aepa- 

ratioD. 
JDocimastic Art. — ^The art of assaying metals. 
Ductility, — ^A quality of certain bodies, in consequence of which they 

may be drawn out to a certain length without firacture. 
Dulcificatum. — The combination of mineral acids with alcohol. 

Thus we have dulcified spirit of nitre, dulcified spirit of vitriol, &a 

Edulcoration. — Expressive of the purification of a substance by wash- 
ing with water. 

Effervescence. — ^An intestine motion which takes place in certain 
bodies, occasioned by the sudden escape of a gaseous substance. 

J^ffloreacence, — A term commonly applied to those saline crystals 
which become pulverulent on exposure to the air, in consequence 
of the loss of a part of the water of cxystallization. 

Ekuticity. — A force in bodies, by which they endeavour to restore 
themselves to the position £rom whence they were displaced by any 
eictemal force. 

EUutie PlAJkids. — A name sometimes ^ven to vapours and gases. 
Vapour is called an elastic fluid ; gas, 9, permomemtly elastic fluid. 

Elective Attractions, — A term used by Beigman and others to desig- 
nate what we now express by the words chemical canity ; which 
see. When chemists first observed the power which one compound 
substance has to decompose another, it was imagined that the 
minute particles of some bodies had a preference for some other 
particular bodies ; hence thid property of matter acquired the term 
elective attraction. 

Elements. — The simple, constitutent parts of bodies, which are inca- 
pable of decomposition; they are firequently called principles. 
See Simple Substances, 

Eliquaiion. — An operation whereby one substance is separated from 
another by fusion. It consists in giving the mass a degee of heat 
that will make the more fusible matter flow, and not the other. 

EhUriati(m.'~-^l!h.Q operation of pulverizing metallic ores or other sub- 
stances, and then mixing them with water, so that the lighter parts 
which are capable of suspension may be poured off, and thus sepa- 
rated from the grosser particles. The metallic substances which 
are reduced to an impalpable powder are prepared by this process. 

Empyreuma. — A peculiar fluid of a disagreable smell, arising from the 
burning of animal and vegetable matter in dose vessels. 
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£oiipUe, — ^A copper vessel with a smaJl orifice, and partly filled with 
water. It is made hot, in order that the yapour of the water may 
nuh out with yiolence, and carry a stream of air with it to increase 
the intensity of fires. It is an instrmnent of great antiquity. 

Essences. — ^What are called essences, in chemiiMiry and phfomacy, are 
the essential oils obtained by distillation from odoriferous vegetable 
substances. 

Essenticil Salts. — l%e saline substances found in plants, and whicli 
are held in solution by the water wherein they are infused. They 
are obtained by evaporation and cooling. 

Ethers, — ^Volatile liquids formed by the distillation of some of the 
acids with alcohol. 

EvaparcUion. — ^The conversion of fluids into vapour by heat. This 
appears to be nothing more than a gradual solution of the aqueoiiB 
particles in atmospheric ur, owing to the chemical attraction of 
the latter for water. 

Eudiometer. — ^An instrument invented by Dr. Priestley for det^min- 
ing the purity of any given portion of atmospheric air. The science 
of investigating the different kinds of gases is called etidiojnetry. 

Es^essUm, — ^A term used in pharmacy, denoting the act of forcing 
out the juices and oils of plants by means of a press. By a similar 
term the expressed are disting^hed from the essefntiaZ oils. 

ExsiecalUm, — ^The act of drying moist bodies. It is effected in two 
ways ; by exhaling the aqueous particles by the aplication of heat 
or atmospheric air, and by abBori)ing the moisture with soft and 
spongy substances. Thus small matters are dried by chemists with 
bibulous paper ; and larger masses, by spreading them on taUets 
of chalk. 

Extracts. — ^The soluble parts of vegetable substances, first dissolved 
in spirit and water, and then reduced to the consistenoe of a thick 
sjrrup, or paste;, by evaporation, 

FeriMfiUaition. — A peculiar spontaneous motion, which takes place in 
all vegetable matter when exposed for a certain time to a proper 
degree of temperature. The changes which are effected by saccha- 
rine fermentation. 

FibrvM. — That white fibrous substance which is left after freely wash- 
ing the coagulum of the blood, and which chiefly composes the 
muscular fibre. 

FfUratian. — ^A chemical process for the depuration of liquid substances. 
Bibulous paper, supported by a funnel, is conmionfy made use 
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of; bnt for dear and ezpensiYe Hquors chemists gmeraUyuse a 
little carded cotton, lightly pi^ssed into the tube of a glass funnel. 
The valuable concentrated acids should be filtered through pounded 
glass. 

Fixity. — A term applicable to that property of some bodies of bearing 
a great heat without being volatilized. 

FUnoera. — In chemical language are solid dry substances reduced to 
a powder by sublimation. Thus we have flowers of arsenic, of sal- 
ammoniac, of sulphur, &c., which are arsenio^ sal-ammoniac, and 
sulphur, unaltered except in appearance. 

Fluatea. — Salts formed by the combination of any base with fluoric 
acid. 

Fluidity. — ^A term applied to all liquid substances. Solids are con- 
verted to fluids by combining with a certain portion of caloric. 

Flux. — A substance which is mixed with metalHe ores, or other 
bodies, to promote their fusion^ as an alkali is mixed with silex in 

order to form glass. 

Fossil. — Substance extracted from the earth. Term generally applied 
to organic remains. 

Ftdiginoua. — A term sometimes made use of in describing certain 
vapours ^hich arise in chemical operations, having the thick a^^pear- 
ance of smoke. 

FtHmiruUion. — Thundering or explosion with ndse. We have fulmi- 
nating silver, fulminating gold, and other fulminating powders, which 
explode with a loud report by friction, or when slightly heated. 

Furnaces. — Chemical vessels of various forms for the fusion of ores, 
or other operations which require heat. 

FiMrnaces, blast, are built for making iron, smelting ores, &c. 
They are so contrived that their heat is much increased by means of 
powerful bellows. A blacksmith's forge is a kind of blast-furnace. 

Furnaces, wind. — Chemical furnaces for intense heat, so construct- 
ed that they draw with great force, without the use of bellows. 

Fusion. — ^The state of a body which was solid in the temperature of 
the atmosphere, and is now rendered fluid by the artificial appli- 
cation of heat. 

GdUates.—Sslta formed by the combination of any base with gallic 
acid. ' 

GaJtvanism. — A new science which offers a variety of phenomena, 
resulting from different conductors of electricity placed in different 
circumstances of contact. 
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Gangue, — A term made use of to denote the stony matter whicli fills 

the cavities, and accompanies the ores in the veins of metals. 
Ocu, — All solid substances when converted into permanently elastic 

fluid by caloric are called gases. 
Ocueou8.~^'H&ymg the nature and properties of gas. 
Oaaometer, — ^A name given to a variety of utensils and apparatus con- 
trived to measure, collect, preserve, or mix the different gases. An 

apparatus of this kind is also used for the purposes of administering^ 

pneumatic medicines. 
Oasometry. — ^The science of measuring the gases. It likewise teaches 

the nature and properties of these elastic fluids. 
Qdatine. — A chemical term for animal jelly. It exists particularly 

in the tendons and the skin of animals. 
Gla88.—^mQ metallic oxides when fused are called gUus, They have 

somewhat of resemblance to common glass. ^ 

Qlass, phosphoric. — A vitreous, insipid, insoluble substance^ procured 

by boiling down phosphoric add to a syrup, and then fosing it bj 

an increased heat. 
Cflaes, gaU. — See Sandiver, 
QhUen.^K vegetable substance somewhat similar to animal gelatine. 

It is the gluten in wheat flour which gives it the property of making 

good bread and adhesive paste. Other grain contains a mnch less 

quantity of this nutritious sabstance. 
Oraduation, — A process by evaporation, of bringing fluids to a certain 

degree of consistence, in order to separate more easily the substances 

they hold in solution. 
Oraduation. — ^The division of a scale or measure into decimal^ or other 

regukr parts. 
Grain, — Weight made use of by chemical writers. Twenty grains 

make a scrapie ; 8 scruples a drachm ; 8 drachms, or 480 gndnSy 
' make an ounce ; 12 ounces, or 5760 grainS} a pound troy. The 

mfoirdupois pound contains 7000 grains. 
Granulation. — ^The operation of pouring a mdted metal into water, 

in order to divide it into small particles for chemical purposes. 

Tin is thus granulated by the dyers before it is dissolved in the 

proper acid. 
Gramty, — ^That property by which bodies move towards each other, 

in proportion to their respective quantities of matter. This is the 

property by which bodies fall to the earth. 
Gravity, tfpe^/^.— This differs from absolute gravity, inasmuch as it 

is the weight of a given metrntre of any solid or fluid body, com* 
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pared with the game measure of distilled water. It is generally 
expressed by decimalfl. 
Chtms. — ^Mucilaginous exudations from certain trees. Gum consists 
of lime, carbon, oxygen, hydrogen, and nitrogen, with a little phoe- 
phoric acid. 

Stai^ matter of, — See Cahne. 

Mepar, — >The name fonnerly given to the combination of sulphur 

with alkali. It is now called sulphuret of potass, &c., as the case 

may be. 
JSepatic Gas,^-The old name for sulphuretted hydrogen. 
SermetimUy, — ^A term applied to the closing of the orifice of a glass 

tube, so as to render it air-tight. Hermes, or Mercury, was formerly 

supposed to have been the inventor of chemistry; hence a tube 

which was closed for chemical purposes, was said to be hermetically 

or chemically sealed. It is usually done by melting the end of the 

tube by means of a blow-pipe. 
hydrogen, — ^A simple substance ; one of the constituent parts of water. 
Hydrogen Gas. — Solid hydrogen imited with a large portion of caloric. 

It is the lightest of all the known gases. Hence it is used to inflate 

balloons. It was formerly called inflammable air. 
JSydrO'Carhonates, — Combinations of carbon with hydrogen were 

formerly described by this term. Hydro-carbonate gas is procured 

from moistened charcoal by distillation. 
Hydrometers, — ^Instruments for ascertaining the specific gravity of 

spirituous or other liquors. 
Hygrometers, — ^Instruments for ascertaining the degree of moisture in 

atmospheric air. 

Zncmerafton.^-The burning of vegetables for the sake of their ashes. 

It is usually applied to the burning of kelp on the coasts for making 

mineral alkali. 
Inflammation, — ^A phenomenon which takes place on mixing certain 

substances. The mixture of oil of turpentine with strong nitrous 

acid is an instance of this peculiar chemical effect. 
Infusion, — A simple operation to procure the salts, juices, and other 

virtues of vegetables by means of water. 
Insolation, — ^A term sometimes made use of to denote that exposure 

to the sun which is made in order to promote the chemical action 

of one substance upon another. 
Intermediates, — A ter;^ made use of when speaJdng of chemical 



202 APPENDIX. 

affinity. Oil, for example, has no affinity to water unless it be 
previously combined with an alkali ; it then becomes soap, and the 
alkali is said to be the intermedium which occasions the union. 

KaU. — ^A genus of marine plants which is burnt to procure mineral 
alkali by afterwards lixiviating the ashes. 

Laboratory. — ^A room fitted up with apparatus for the performance of 
ckemical operations. 

JUictatea. — Saltsformedbythecombinalion of any base with lactic add. 

ixzilesv— Certain colours made by combining the colouring matter of 
cochineal, or of certain veigetables, with pure alumina^ or with oxide 
of tin, mnc, &c. 

Lamp Argand's^^^ kind of lamp much used for chemical experi- 
ments. It is made on the principle of a wind furnace, and thus 
produces a great degree of light and heat without smoke. 

Lens. — ^A glass, convex on both sides, for concentrating the rays 
of the sun. It is employed by chemists in fusing refractory sub- 
stances which cannot be operated upon by an ordinary degree of heat. 

LenigatUm. — ^The grinding down of hard substances to an impalpable 
powder on a stone with a muller, or in a mill adapted to the purpose. 

Liquefaction,-^The change of a solid to the state of a fluid, occasioned 
by the combination of caloric. 

Litharge. — An oxide of lead which appears in a state of vitrification. 
It is formed in the process of separating silver from lead. 

Lixioiation.-^Th!d solution of an alkali or a salt in water, or in some 
other fluid, in order to form a lixivium. 

Lixivium. — A fluid impregnated with an alkali or with a salt. 

Lute. — ^A composition for closing the junctures of chemical vessels to 
prevent the escape of gas or vapour in distillation. 

Maceration, — ^The steeping of a solid body in a fluid in order to 

soften it, without impregnating the fluid. 
Malatee. — ^Salts formed by the combination of any base with malic 

acid. 
MdUeahility, — ^That property of metals which gives them the capa> 

city of being extended and flattened by hammering. It is probably 

occasioned by latent caloric. 
Martial, — An old term for chemical preparations of iron. See 

ckaXybeaie, 
Massicot. — ^A name given to the yellow oxide of lead, as minium u 

applied to the red oxide. 
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"MfUraxB, — Another name for a bolt-head ; which see. 

Jf o^rt^.—- The bed in whidi a metallic ore is found. 

Matt. — That mass of metal wl^ch separates from the aoorite in smelt- 
ing ores without previous roasting. 

Menstrtmm. — ^The fluid in which a solid body is dissolved. Thus water 
is a menstruum for salts, gums, ko,, and spirits of wine for resins. 

MaaUic 0xide8,^-M.ei&la combined with oxygen. By this }m)cess 
ihey are generally reduced to a pulverulent form ; are changed from 
combustible to incombustible substances; and receive the property 
of being soluble in acids. 

MetaUvArgy, — ^The art of extracting and purifying metals. 

Mmeral, — ^Any natural substance of a metallic, earthy, or saline na- 
ture, whether simple or compound, is deemed a mineraL 

Mineralogy. — ^The science of minerals. 

Mineral Waters, — Waters which hold some metal, earth, or salt in 
solution. They are frequently tenned medicinal waters. 

Mmrnm. — The red oxide of lead, commonly called red-lead. 

MoUcuU.^-ThQ molecules of bodies are those ultimate particles of 
matter which cannot be decomposed by any chemical means. 

Mdybdatea, — Salts formed by the combination of any base with th« 
molybdic acid. 

Mordants. — Substances which have a chemiGal affinity for particQlar 
colours ; they are employed by dyers as a bond to unite the colour 
with the cloth intended to be dyed. Alum is of this class. 

Mother-Waters or Moth^rs.-^ThQ liquors which are left after the 
crystallization of any salts. 

Mucilage, — ^A glutinous matter obtained from vegetables, transparent 
and tasteless, soluble in water, but not in spirit of wine. It chiefly 
consists of carbon and hydrogen, with a little oxygen. 

Mucites, — Salts formed by the combination of any base with the 
mucous acid. 

Muffle.^ A semi* cylindrical utensil, resembling the tilt of a boat, made 
of baked clay ; its use is that of a cover to cupels in the assay fur- 
nace, to prevent the charcoal from falling upon the metal, or what- 
ever is the subject of experiment. 

Muriates, — Salts formed by the cambinati<m <^ any base with muri- 
atic acid. 

Natron. — One of th« names for mineral alkali, or soda. 
Neutralize, — ^When two or more substances mutually disguise each 
other*s properties, they are said to neutralize one another. 
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NeiUral SaU. — A subfltanoe fonned by the tmion of an acid with an 

alkali, an earth, or a metallic oxide, in such proportions as to 8a^ 

turate both the base and the acid. 
NUratea, — Salts fonned by the combination of any base with nitrio 

add. 
Nitrogen, — ^A simple substance, by the French chemists called azote. 

It enters into a variety of compounds, and forms more than threo 

parts in four of atmospheric air. 

Ochres, — ^Various combinations of the earths with oxide or carbonate 

of iron. 
Oi2.-— A fluid substance well known. It is composed of hydrogen, 

oxygen, and carbon. 
Ores. — ^Metallic earths, which frequently contain several extraneoua 

matters, such as sulphur, arsenic, &c. 
OxcUcUes. — Salts formed by the combination of any base with oxalic 

add. 
Oxide. — ^Any substance combined with oxygen, in a proportion not 

sufficient to produce addity. 
Oxidize. — ^To combine oxygen with a body without producing acidity. 
Oxidizement. — ^The operation by which any substance is combined 

with oxygen, in a degree not sufficient to produce acidity. 
Oxygen, — ^A simple substance composing the greatest part of water, 

and part of atmospheric air. 
Oxygen (rof.— -Oxygen converted to a gaseous state by caloric. It is 

also called vital air. It forms nearly one-fifth of atmospheric air. 
Oxygenize, — To acidify a substance by oxygen. Synonymous with 

Oxygenate; but the former is the better term. 
Oxygenizahle. — ^A term applicable to all bodies that combine with 

oxygen, and do not emit flame during the combination. 

Parting, — The operation of separating gold from silver, by means of 

nitrous acid and other mediums. 
P^iean, — A glass alembic, with a tubulated capital, from which two 

opposite and crooked arms pass out, and enter again at the swell 

of vessel. The instrument is designed for operations of cohobation, 

and is calculated to save the trouble of frequ'^ntly luting and un« 

luting the apparatus. It is now seldom used. 
Pdlicle.'-^A thin skin which forms on the surface of saline solations 

and other liquors, when boiled down to a certain strength. 
PTdogiston.-^'Aja. old chemical name for an imaginary substance, 

supposed to be a combination of fire with some other matter, and 
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a constituent part of all mflammable bodies, and of many other sab- 
atanoes. 

I^hosphates. — Salts formed by the combination of any base with phos- 
phoric acid. 

JPhaaphitei, — Salts formed by the combination of any base with phos- 
pboms acid. 

PAo«p^t£r6to.— Substances formed by an union with phosphorus. 
Thus we haye phosphuret of lime, phosphuretted hydrogen, &o. 

Plumbago, — Carburet of iron, or the black lead of commerce. 

Pnetima^tc.^-Anything relating to the airs and gases. 

Pneumaiic Trough. — ^A vessel filled in part with water or mercury, 
for the purpose of collecting gases, so that they be rapidly removed 
from one vessel to another. 

Preei'pUate, — ^Any matter which, having been dissolved in a fluids 
falls to the bottom of the vessel on the addition of some other sub- 
stance capable of producing a decomposition of the compound, in 
consequence of its attraction either for the menstruum, or for the 
matter which was before held in solution. • 

Precipitation. — ^That chemical process by which bodies dissolved, 
mixed, or suspended in a fluid, are separated from that fluid, and 
made to gravitate to the bottom of the vessel. ' 

Principles of Bodies, — Synonymous with Elements; which see. 

Prussiates. — Salts formed by combination of any base with prussic acid. 

Putrrfaction. — ^The last fermentative process of nature, by which 
organized bodies are decomposed so as* to separate their principles, 
for the purpose of reuniting them by future attractions, in the pro- 
ductio of new compositions. 
Pyrites.'— An abundant mineral, found on the English coasts and 
elsewhere. Some are sulphurets of iron, and others sulphiu^ts of 
copper, with a portion of alumina and silex. The fctamer are 
worked for the sake of the sulphur, and the latter for sulphur and 
copper. They are also called marcasites and fire-stone. 
JPyrites, tnartial. — ^That species of pyrites which contains iron for 
its basis. See a full account of these minerals in Henckel's Pyri- 
tologia. 
Pyrometer, — ^An instrument invented by Mr. Wedgwood for ascer- 
taining the degrees of heat in furnaces and intense fires. 
Pyrophori, — Compound substances which heat of themselves, and 
take fire on the admission of atmospheric air, 

Quartation, — A term used by refiners in a certain operation of 
partmg. 
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Quartz.— A name given to a variety of BiKoeouB earths, mixed with a 
small portion of lime or almnina. Mr. Kirwin confines the term 
to the purer kind of silex. Bock crystsJ and the amethyBt are 
Bpecies of quartz. 

Iteuiicdls. — ^A chemical term for the dements of bodies ; which see. 

Reagents. — Substances which are added to the mineral waters or 
other liquids as tests to discover their nature and composition. 

Reedgar. — ^Red snlphnret of arsenic. 

Beeeivera. — ^Globnlar glass vessels adapted to retorts for the purpose 
of preserving and condensing the volatile matter raised in distilla- 
tion. 

RectificcUixm is nothing more than the redistilling a liquid, and 
abstracting a part of it only. ' 

Reduction. — The restoration of metallic oxides to th«r original state 
of metals, which is usually effected by means of charcoal and 
fluxes. 

R^nvng. — The process of separating the perfect metals from other 
metallic substances, by what is called cupellation. 

Refrcuitory. — A term applied to earths or metals that are either in- 
fusible, or that require an extraordinary degree of heat to change 
or melt them. 

Rrfrigeratory. — ^A contrivance of any kind, which, by containing cold 
water, answers the purpose of condensing the vapour or gas that 
arises in distillation. A worm-tub is a refrigeratory. 

Registers. — Openings in chimneys, or other parts of chemical fur- 
- naces, with sliding doors, to regulate the quantity of atmospheric 
air admitted to the fire-place, or to open or shut the communication 
with the chimney at pleasure. 

Regvhts, in its chemical acceptation, signifies a pure metaUic sub- 
stance, freed from, all extraneous matters. 

i2epti29t09».— A principle whereby the partieles of bodies are prevented 
from coming into actual contact. It is thought to be owing to 
caloric, which has been called the repulsive power. 

Residuum, — ^What is left in a pot or retort after the more valuable 
part has been drawn off. Thus the sulphate of potash which re- 
mains in the pot after the distallatlon of nitrons acid, is called the 
residuum. It is sometimes called the caput mortuum. 

Resins. — ^Vegetable juices concreted by evaporation, either spontane- 
ously, or by fire. Their characteristic is solubility in alcohol, and 
not in water. It seems that they owe their solidity chiefly to tiidir 
union with oxygen. 
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Retort, — ^A yessel in the shape of a pear, with its neok bent down- 
wards, used in distillation ; the extremity of which neck fits into 
that of another bottle called a receiver. 

Reverhercaory. — An oven or furnace, in which the flame is confined 
by a dome, which occasions it to be beat down upon the floor of the 
fiimaoe before it passes into the chimney, so that it returns or re- 
verberates xxgon the matter under opwation. 

Reoivificoition, — See Redviiction, which is a synonymous term, though 
" revivification*' is generally used when speaking of quicksilver. 

Roasting. — A preparative operation in metalluigy to dissipate the 
sulphiv, arsenic, &c., with which a metal may be combined. 

Rock'Crystal.^-CryBtsShzed silez. 

SaHfidble hoses. — All the metals, alkalies, and earths, which are ca- 
pable of combining with acids, and forming salts^ aie called salifiable 
bases. 

Salme. — Partaking of the properties of a salt. 

Salts, nmtral, — A class of substances formed by oombining to satura- 
tion an acid with an alkaU, an earth, or other salifiable base. 

', triple. — Salts formed by the combination of an acid with 

two bases or radicals. . The tartrate of soda and potash (Rochelle 
salt) is an instance of this kind of combination. 

' hecU, ) 



Samdiver. — A matter composed of diflerent salts, which rises as a 
pellicle on the sur£Eu;e of the pots in which glass is melted. It is 
used as a flux in the fusion of ores, and for other purposes. The 
term is probably a corruption of '' Sel de verre." 

Sap colours. — A name given to various expressed vegetable juices of 
a viscid nature, which are inspissated by slow evaporation for the 
use of painters, &c. ; sap-green, gamboge, &c., are of this class. 

Saponaceom. — A term applied to any substance which is of the na- 
ture or appearance of soap. 

Satwation, — The act of impregnating a fluid with another substance, 
tUl no more can be received or imbibed. A fluid which holds as 
much of any substance as it can dissolve, is said to be saturated 
with that substance. A solid may in the same way be saturated 
with a fluid. 

Sebates. — Salts formed by the combination of any base with sebadc 
acid. 

■I 

Sdenite. — A salt existing in spring water, fonned by sulphuric add 
and lime. Its proper chemical name is sulphate of lime. 
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Bemt-metal. — A name formerly given to those metals which, if ex- 
posed to the fire, are neither maUeable, ductile, nor fixed. It is a 
term not used by modem chemists. 

Silicums earths.^— A term used to describe a variety of natural sub- 
stances which are composed chiefly of silex ; as quartz, flint, sand^ 
&c. 

Simple 3iibstance8, — Synonymous with Elements; which see. 

Smelting, — The operation of fusing ores, for the purpose of separating 
the metals they contain firom the sulphur and arsenic by which they 
are mineralized, and also £rom other heterogeneous matter. 

SohibiUty, — A characteristio of most salts. 

Solution. — The perfect union of a solid substance with a fluid. Salts 
dissolved in water axe proper examples of solution. • 

S^rs. — A name formerly given to various ciystallized stones, such 
as the fiuor spar, the adamantine spar, &c. These natural sub- 
stances are now distinguished by names which denote the nature of 
each. 

Specific gravity. — See the word Orcmty, 

Spelter. — The commercial name of zinc. 

Spirit. — A term used by the early chemists to denote aU volatile 
fluids collected by distillation. 

proof. — A term made use of to describe such ardent spirits as 

are of the same strength as the brandy of commerce, or of the 
specific gravity of 0*938, water being 1*000. 

StcUactUes. — Certain concretions of calcareous earth found suspended 
like icicles in caverns. They are formed by the oozing of water 
through the crevices chaiiged with this kind of earth. 

Steatites. — A kind of stone composed of silex, iron, and magnesia. 
Also called French chalk, Spanish chalk, and soap-rock. 

Stratification. — A chemical operation by which bodies are placed in 
a condition to act mutually upon each other, by being arranged 
layer by layer, stratum superstratum, as is practised by metal- 
lurgists. 

Sub-salts. — Salts with less acid than is sufficient to neutralize their 
radicals. 

Suberates. — Salts formed by the combination of any base with the 

suberic acid. 
Sublimate. — A name given to several mercurial preparations. 
Sublimation. — A process whereby certain volatile substances are 
raised by heat, and again condensed by cold into a solid form. 
Flowers of sulphur are made in this way. The soot of our common 
fires is a familiar instance of this process. 
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Sucemates, — Salts fonned by the oombination of any base with the 

saccinic acid. 
Sugar, — A well-known substance, found in a variety of vegetables, 

composed of oxygen, hydrogen, and carbon. 
SuXphatea, — Salts fonned by the oombination of any base with the 

sulphuric acid. 
StidphUes. — Salts fonned by the combination of any base with the 

sulphurous acid. 
JShiXphwea or Sulphwrets. — Combinations of alkalies, or metals, witb 

sulphur. 
SidpJtwetted, — ^A substance is said to be sulphuretted when it is 

combined with sulphur. Thus we say sulphuretted hydrogen, &c, 
Super-saUa, — Salts with an excess of acid, as the supertartrate of 

potash. 
Synthesis.'-^Wheti. a body is examined by dividing it into its com- 
ponent parts, the process is called analysis ; but when we attempt 

to prove the nature of a substance by the union of its principles, it 

is called synthesis. 
8i^hon,'^A bent tube used by chemists for drawing liquids from one 
vessel into another. It is sometimes called a crane, 

Tcartrates, — Salts fonned by the combination of any base with the 
acid of tartar. 

Tenq>€Ta1ure, — ^The free caloric which is attached to any body occar 
sions the degree of temperature of that body. 

Tenacity is a term used when speaking of glutinous bodies. It is also 
expressive of the adhesion of one substance to another. 

TesU^^ThsX part of a cupel which is impregnated with lithaige in the 
operation of refining lead. It is also the name of whatever is em- 
ployed in chemical experiments to detect the several ingredients 
of any composition. 

Test-papers, — Papers impregnated with certain chemical reagents; 
such as litmus, turmeric, radish, &c. They are used to dip into 
fluids, to ascertain, by change of their colour, the presence of acids 
and alkalies. ^ 

Thermometer, — An instrument to show the relative heats of bodies. 
Fabrenheit's thermometer is that chiefly used in England. Other 
thermometers are used in different parts of Europe. 

TincaL — The commercial name of crude borax. 

T'tnc^ttreff.— 'Solutions of substances in spirituous menstrua. 

T(jrrefactum,'-^AiL operation similar to roasting; which see. 

T^riturimau^A. vessel used for the separation of two fluids which ar*- 
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of different densities. The same opoTOtion may be peiformed by a 

common funnel. 
Tniurcai<m.^-~Axi operation whereby substanoes are •comminuted by 

firiction. 
Tubulated, — ^Betorts -which have a hole at the top for inserting the 

materials to be operated upon, without taking them out of the sand 

heat, are called tubukUed retorts. 
Tungstates, — Salts formed by the combination of any base withitiing- 

stic acid. 
Tutenag, — ^An Indian name for zinc. Chinese copper is also called 

by this name, which is a compound of copper, tin, and arBenic, 

much resemblmg silver in colour. 

Union, chemical, — ^When a mere mixture of two or more substances 
is made, they are said to be mechanically united; but when each 
or either substance fonns a competent part of the product, the sub- 
stances have formed a chemical union. 

Ustulatum, — ^The roasting of ores, to separate the arsenic and sul- 
phur which mineralize the metal. When the matter is preserved 
which flies off, the process is called sublimation; but when this 
matter is neglected, the operation was formerly called ustulation. 

Vacuum, — ^A space unoccupiefl by matter. The term is generally ap- 
plied to the exhaustion of atmospheric air by chemical or phUoso- 
phical means. 

Vapour, — ^This term is used by chemists to denote such exhalations 
only as can be condensed and rendered liquid again at the ordi- 
naiy atmospheric temperature, in opposition to those which are 
permanently elastic. 

Vats. — Large chemical vessels, generally of wood, for maJdng infu- 
sions, &;c. 

Vital Air, — Oxygen gas. The empyreal or fire air of Scheele, and tbe 
dephlogiscated air of Priestley. 

Ftfr^afibn.—- When solid substances have undeigone very intense 
heat, so as to be ^ed thereby, they firequently have an appearance 
resembling glass, they are then said to be 'vitrified, or to have 
undeigone vitrification. 

Vitriols, — A class of substances, dther earthy, or metallic, which are 
combined with the vitriolic acid. Thus there is vitriol of lime, 
vitriol of iron, vitriol of copper, &o. These salts are now called 
sulphates, because the add which forms them is called sulphnijo 
add. 
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Vftriolated TVirf or.— The old name for sulphate of potash. 

Volatile ^2%;aE— Another name for anmionia. 

Volatile Salts, — ^The commercial name for carbonate of ammonia. 

Volatility, — ^A property of some bodies which disposes them to assmne 
the gaseous state. This property seems to be owing to their af- 
finity for caloric. 

Volume, — A term made use of by modem chemists to express the 
space occupied by gaseous or other bodies. 

r 

Water, — The most common of all; fluids^ composed of 8 parts of 

oxygen and 1 of hydrogen. 
Watery mtnera?.— Waters which are impregnated with minerals and 

other substances are known by this appellation. These minerals 

are generally held in solul^on by carbonic, sulphuric, or muriatic 

acid. 
Wai/j dry. — A term used by chemicsj writers when treating of ana- 
lysis or decomposition. By. decomposing in the dry-way, is meant/ 

by the agency of fire. 
Way, humid.-'^A term used in the same manner as the foregoing, bat 

expressive of decomposition in a fluid state, or by means of water 

and chemical reagents, or tests. 
Welding Heat, — That degree of heat in which two pieces of iron or of 

platina may be united by hammering. 
Wolfram,^-AD. ore of tungsten containing also manganese and iron. 
Worm-tub, — A chemical vessel with a pewter worm fixed in the 

inside, and the intermediate space filled with water. Its use is to 

cool liquors during distillation. 
Woul/e*^ apparatus, — A contrivance for distilling the mineral, acids 

and other gaseous substances with little loss; being a train of 

receivers with safety pipes, and connected together by tubes. 

Zajffre.'-^An oxide of cobalt, mixed with a portion of silicious matter. 
It is imported in this state from Saxdfty. 

Zero, — ^The point from which the scale of a thermometer is graduated^ 
Thus Celsius's and Beaiunur's thermometers have their zero at the 
freezing point, while the thermometer of Fahrenheit has its zero at 
that point at which it stands when immersed in a mixture of; snow 
and common salt. 





INDEX. 

1 






Page 


P^ 


Absorption of heat 


17 


Acid, sulphurous 


. 54,67 


AwCotates • • • 


104 


succinic . 


79 


Acids, general properties 


of 65 


tartaric 


77 


uses of . 


81 


tannic . 


78 


electrical relations of 


65 


tungstic . . 


76 


nomenclature of . 


66 


uric . . • 


81 


acetic 


77 


Aggregation, states of 


3 


amniotic . 


81 


AlVsiliAa 


82 


arsenions . 


76 


uses of 


84 


arsenic . 


76 


Alumina 


91 


boracic 


75 


Alum 


91 


benzoic . 


79 


Amber .... 


79 


citric 


78 


Ammonia . 


86 


camphoric 


80 


its composition 


86 


carbonic . 


. 60,71 


uses of 


87 


chromic . 


76,130 


Analysis 


2 


ft W OTIC 


68 


AnimAl liAftt 


52 


fluoric . 


75 


Antimony . . « 


123 


gallic 


79 


salts of 


123 


hydrochloric . 


67 


Aquaregia . 


70 


hydrocyanic 


80 


Arsenic . . « 


125 


lactic 


78 


salts of . 


126 


malic . 


78 


Arseniates 


. 103 


mucic . • 


* 79 


Argil .... 


91 


nitrous 


69 


Attraction 


3 


nitno • • • 


69 


of cohesion 


3,24 


oxalic . 


77 


chemical 


24 


perchloric » 


68 


simple . 


26 


phosphoric 


74 


compound 


27 


phosphorous . 


75 


Atmosphere . • • 


6 


sebacic 


81 


its specific gravity 


6 


Bolphuric 


54,66 


oompositiou of 


46 



IKDEX. 



213 





Page 




Page 


Atmosphere, analyms of . 


46 


Carbonic Add in atmo- 




general properties . 


47 


sphere • • 


46 


its height . 


48 


Carbonates 


102 


pressare of 


47 


Carbonic oxide . . • 


137 


Atomic theory 


33 


Carburetted hydrogen . 


62 


weights of simple sub- 




Chemistry defined . 


1 


stances • 


34 


Chemical attraction 


24 


of oomponnd sub- 




laws of 


25 


stances . 


86 


effects of 


26 


AjEote . • • . 


45 


Charcoal r . . . 


60 






uses of . 


61 


Barilla .... 


85 


antiseptic propertieu of 


60 


Baryta . • . . 


93 


Chlorine .... 


36 


uses of 


94 


properties of . 


36 


Bell metal . 


116 


mode of preparing 


36 


Benzoic acid 


79 


uses in the arts 


37 




124 


protoxide of . 


68 


salts of . . , 


124 


Chlorides 


139 


Blowpipe oxy-hydrogen 


40 


Chlorates . . , , 


101 


Boiling point varies with pres- 




Chromium . 


130 


sure • . . 


49 


Chromic acid . . .76, 130 


Boron .... 


58 


Citric acid • • % 


78 


Borates • 


103 


Citrates • • • « 


104 


Borax • . • • 


103 


Clay .... 


91 


Bromine 


37 


Clouds, formation of 


7 


Brass . . . 116,122 


Cobalt . , , . 


127 






Columbium . 


130 


Cadmium 


122 


Colour changed by chemical 


[ 


Caloric . • . • 


8 


action 


26 


sources of 


9 


Cohesion, force of . 


3 


Calorimeter 


20 


how measured. 


25 


Calamine 


121 


Combustion 


139 


Camphoric acid 


80 


oxygen not essential to 


139 


Camphorates « 


104 


supporters of 


140 


Capacity of bodies for heat 


19 


result of chemical action 


26 


Carrying power of fluids . 


11 


Composition of water 


39 


Carbon .... 


60 


Compressibility of water . 


44 


compound of, with oxygen 60 


Conductors of heat 


11 


its indestructibility . 


60 


Copper .... 


U5 


compounds with hydrogen 61 


salts of . , 


115 


Garbonio acid ... 


71 




mode of preparing 


1 *• 

74 


of water 


106 



IHDEX. 



-^1* 




t 


Page 


GrysbalB • • • • 


105 


Gallio add • 


'78 


Cxeom of tart»r . 


77 


Gases defined .. • • 


3 


CfysQogen • . . • 


80 


Glass ...» 


90 


BeoomiKisition 


2 


Glossary .... 


191 


Deliqxieecence • 


106 


Glucine ..... 


93 


Diamond 


60 


Gold 


110 


Divisibility of matter 


124 


mfklleability of 


110 


Boebereiner « « • 


113 


saltaof 

1 


111 


£artbB .... 


S0 


Heat . . • • 


8 


mode of recognizing 


89 


sources of • 


8 


compoTind bodies « 


89 


velocity of . • 


10 


alkaline . • , 


89 


commimication of • 


9 


Barthenware • 


91,92 


radiation of 


10 


florescence . • 


106 


• latent 


18 


Elasticity, efifecte o^ on che- 


Hydrogen .... 


37 


mical action, • 


69 


how obtained . 


37 


of air, • 


47 


its compounds -with oxygen 39 


Electrical classification 


of 


peroxide of . 


137 


bodies 


34 


Hydrochloric acid . • 


67 


Eudiometry * 


81 


Hydrocyanic acid 


80 


Encblorine . . . 


68- 


Hygrometers . • • 


6 


Evaporation . 


6 






uses of . 


7 


Tmpenetrability . 


2 


Expansibility of air 


48 


Indestructibility of matter 


3 


Expansion by heat • « 


29 


Iodine «... 


37 


Experiments • 


163 


mode of testing for 


37 


Extension « 


2 


^dium « • • ., 


131 


Fermentation 


63 


Iron • . « 


116 


Mame . • • • 


143 


cast • • • • 


117 


light of 


143 


salts of . • 


118 


Fluoric acid • . « 


75 






Fixed alkalies * 


82 


Kelp 


85 


composition of « • 


83 






Fluorides . . * 


103 


Lactic aoid' . • 


78 


Fluidity .... 


3 


Latent heat .. • 


18 


not essential to matter 


3 


Lead .... 


119 


Fluids, bad conductors of heat 11 


salts of 


120 


Force of cohesion • 


3 


Light, theories concerning its 


Fusibility . • 


106 


nature • . • 


146 






velocity of . • • 


146 


Gadolinite . ' • 


93 


chemical properties of 


146 



XSVBX. 



215 





Page 




Page 


liimd • • • • 


95 


Oxalates . 


104 


uses of • « . 1)6, 07 


Oxides .... 


133,141 


lithia • . • • 


86 


mode of reducing metallio 136 


lithioaoid. • • 


127 


Oxygen . 


35 


\ 




its properties . 


35 






mode of preparinK 


36 


Mi^piesia . • . 


97 






Malic acid .... 


78 








128 


Palladium . 


131 


salts of 


129 


Pewter 


124 


Matter, its general properties 


2 


Pictet's experiments 


17 


exists in different states 


3 


Phosphorus . 


59 


Mercury .... 


114 


its compounds with oxygen 69 


salts of . • 


114 


with hydrogen '59 


Metals .... 


109 


Phosphates 


76,103 


good conductors of heat 


U 


Phosphites 


76 


native .... 


109 


Phosphoric acid . 


74 


mode of purifying . 


109 


Phosphorous acid 


76 


classification of • • 


109 


Plumbago . 


63 


Mncicacid 


86 


Platina . . . , 


112 


Muriatic acid 


67 


salts of 


113 


Muriates 


101 


uses of 


113 


Molybdenum 


130 


Potash . • . . 


82 


Molybdic acid 


76 


composition of . 


83 






prussiate of . 


80 


Nitrogeii • • • • 


45 


bitartrate of 


77 


mode of preparing • 


45 


Potassium 


83 


its compounds with oxygen 45 


Properties of matter 


2 


Nitrates 


102 


Prussicacid • 


80 


Nickel .... 


120 






salts of 


121 


Eadiation 


10 


Nitrate of ammonia 


138 


Eealgar 


126 


Nitric acid . 


69 


Beflection of heat 


17 


Nitrons oxide . • .70, 138 


Eepulsion 


29 


Nitric oxide . . 70,138 


sensible and insensiUc 


» 80 


applied to endiometry 


139 


caused by heat 


30 


non-metallic substances 


53 


Bespiration . . • 


61 






of plants . 


62 


Olefiant gas 


62 


Bhodium 


131 


Oipiment • • • 


126 








131 


Safety lamp 


. 144 


Oxalic add • 


77 


Sal ammoniac 


88 



216 



INDEX. 





Fage 


• 




Page 


Balis .... 


98 


Sulphuretted hydrogen 




56 


nomendature of 


99 


Succinic add 


. 


79 


native 


108 


Synthesis . 


• 


2 


Saltmines . 


108 






• 


Sebacicacid 


81 


Table of chemical attractions 


29 


Seleninm . . . ' 


58 


of atomic weights 


. 


185 


its compounds with oxygen 58 


Tannic acid 




78 


with hydrogen 58 


Tartaric acid 


. 


77 




127 


Tartrates • » 




104 


Silica .... 


90 


Tellurium • . . 


« 


131 


Silver ... 


111 


Thermometer . • 




14 


salts of • » 


112 


Leslie's • 


• 


14 


Simple Bubstanoes , 


35 


Fahrenheit 




14 


atomic weight of . 


34 


Centigrade 




14 


Soap 


84 


Beaumur . 




14 


Solubility of salts . 


107 


Thorina 


• 


97 


Solidity .... 


3 


Tin ... . 




118 


Solids, best conductors of heat U 


salts of . 


«" 


119 


Soda .... 


83 


Titanium . 




131 


distinguished from potash 84 


Tombac 


• 


122 


Sodium • . • . 


84 


Tongsten . 




129 


Specific gravity . 


4 


Tnngstic acid 


. 


76 


mode of discovering . 


5 


Tungstates 




103 


of a liquid 


6 








Steam .... 


21,41 


Uranium 


« 


131 


latent heat of 


21 


Uric add , 




81 


Steel .... 


63,117 








Strontia . 


94 


Vapours 


• 


4 


uses of 


94 


Yolta's eudiometer . 


• 


47 


Suberates 


105 








Stdphnr .... 


53 


Water, specific gravity of 


6 


its compounds with oxygen 53 


its composition 


• 


39 


with hydrogen 54 


Wolfram • 


• 


76 


mode of preparing . 


53 










54 


Yttria . • • 


• 


93 


Sulphurous acid . 


54 








Sulphates .... 


101 


Zinc . ' . 


• 


121 


Sulphites 


101 


salts of . 


• 


121 


Sulphureta 


56 


Ziroonia . . • 


• 


92 



